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FOREWORD. 


When writing his preface on the fifth Edition before depart¬ 
ing on his last journey to England with the Royal Oomtnission 
on Agriculture, little could one imagine t^at the Author 
expectations about the edition of 1906 lasting for his lifetime 
would after all turn out to be so true. This last effort of his to 
serve the members of his original profession is, however, in 
keeping with the gospel of his life-passionate love and incessant 
work for those with whom he had any common links in life. 
Full- of sorrow at personal bereavement and affliction as I feel 
in the loss of one whom I revered as my professional father, I 
commend this last production of his to those who require prac¬ 
tical knowledge of engineering details and examples in the, 
readiest and most easily applicable form, with a portrait of the 
j^uthor to inspire thc?m."' 


December 5, 1927. ^ JWALA PRASAD 

Chief Enigineer, United Provinces, 
Public Works Department, 
Irrigation Branch, 




PREFACE TO THE FIFTH EDITION. 


^ When in 1906, I published a large impression consisting 
of 13,000 copies of the fourth Edition of my Pocket Book of 
Engineering, I felt sure that it would last the rest of my life. 
I therefore left the fifth Edition to take care of itself when the 
time for it arrived. Contrary to my expec^tations, however, 
the Edition was quite exhausted in 1922. I am thankful to 
merciful Providence to be spared to bring out a revised Edition 
of my book in spite of my old age and numerous engagements 
in business and agriculture. In doing so, I have been encouraged 
by the many kind expressions of appreciation of my labours 
which I received, from time to time, from those who had used 
the book and felt benefitted by it, including some laymen who 
received help in erecting buildings and bridges by referring to the 
part of the book containing Drawings. I am glad the work is." 
Aow completed and is ready for the press. I am thankful to 
Mr. Sohan Lai Bhatia, B. Sc., C. E., Assistant Engineer, whose 
services I have engaged to edit the work under my instructions 
and who has spared no pains to make the Pocket Book as 
complete and acceptable to the profession as possible. I am 
&o indebted to several kind friends who have been good 
enough to revise the ch 5 pters on subjects with which they were 
specially conversant or otherwise contributed to enhance the 
usefulness of the book. 



My special thanks are due to Mr. A. K. Dutta, the h^t 
authority on Eeinforced Brickwork, for contributing a valuable 
Chapter and Diwau Nanak Chand for revising the Chapters on 
Mechanical and Electrical Engineering. I am similarly indebted 
to Rai Bahadur B. P. Verma and Rai Bahadur W. C. Chopra 
for revising the Chapter on Irrigation. My obligations are sJiso 
due to Rai Bahadur Ralla Ram, C. I. E., for giving me useful 
hints on the compilation of the Chapter on Railways. There 
are numerous other friends to whom my thanks are due for 
useful informatio 13 or practical suggestions. Bat if I cannot 
jiame them all individually here, they should' not think that' 

I am unmindful of their contribution to this work. 

With the Text and Drawings thus brought up-to-date with 
the help of many kind friends, I now submit the present Edi¬ 
tion to the Engineers and members of Public Woiks Depart¬ 
ment as well as such laymen as might seek ocasional help 
and guidance in Engineering and Building. 

I have also ventured to add e little information on 
Agriculture. The time at ray disposal did not allow me to 
make this part as complete as I could have wished, but I ho]^e, ' 
that, such as it is, it may be of some service to those who 
may be thinking of adopting A’r'culture as a profession, as 
I have done after retiring from Government service. 

In conclusion, I may be permitted tb give a word of advice 
to young men looking for a career, Mmely, that Engineeri^ 
and Agriculture are twin-sisters any that no one can do 
in one without some knowledge oythe other. 


GANGA 
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AREA AND POPULATION OP THE PRINCIPAL COUNTRIES. 


Country. Sq. miles. Population. 


Capital. 


Afghanistan 

Albania 

Argentine 

Austria 

Belgium 

Brazil 

Bulgaria 

Canada 

China 

Denmark 

Egypt 

England 

Fj'ance 

Germany 

Greece 

Hungary 

India 

Ireland 

Italy 

Japan 

Mexico 

Newzealand 

Norway 

Persia * 

Portugal 

Kussia 

Scotland 

Siam 

South Africa 

i^ain 

Sweden 

Switzerland 

Tibet 

Turkey 

United States 

Uraguay 

Wales 

Yugo-slavia 


246,000 

20,000 

• 1,132,000 

31,760 
11,400 
. 3,300,000 
40,000 

• 3,730.000 
. 4,300.000 

15,000 
363,181 
60,874 
213,000 
182,200 
40,000 
30,179 
1,805,000 
32,586 
120,450 
260,800 
769,000 
105,000 
125,000 
630.000 
35,600 
8,000,000 ] 
30,405 
200,000 
795,300 
196,700 . 
173.000 
16,950 
600,000 
210,000 
3,027,000 1 
72,200 
8,466 
87,000 


0 6,000,000 

^ 1,000,000 
5 10,000,000 

^ 6,100,000 

> 7,700,000 

> 30,6,50,000 

' 5,000,000 

' 8,800,000 

' 450,000,000 

3,300,000 
14,000,000 
35,678,300 i 
40,000,000 
63,000,000 
7,000,000 
8 , 000,000 
320,000,000 
4,390,000 
39,000,000 
81.000,000 
' 16,000.000 
1,350,000 
2,700,000 
10 , 000,000 
6 , 000,000 
140,000,000 
4,882,288 
9,000,000 
8 , 000,000 
• 21,750,000 
6 , 000,000 
4,000,000 
8,000,000 
13,000,000 
106,000,000 
1,700,000 
2|p06,712 
12 , 000,000 


21 Kabul 
50 Tirana 

8 Buenos-Aires 
192 Vienna 

658 Br^issels 

9 Hio-de-Janerio 
125 Sofia 

2 Ottawa 
97 Peking 
220 Copenhagen 
31 Cairo 
701 London 
187 Paris 
348 Berlin 
167 Athens 
206 Budapest 
158 Delhi 
134 Dublin 
319 Home 
339 Tokio 
21 Mexico 
11 Wellington 
21 Oslo 

16 I Teheran 
155 I Lisbon 

17 Moscow 
160 Edinburgh 

46 Bangkok 
10 Pretoria 
110 Madrid 
34 Stockholm 
23i> Berne 
16 Lhassa 
61 Angora 
36 Washington 
23 Monte-Video ,. 
296 Cardiff « 

137 Belgrade 


Population 

of 

capital. 


180,000 

12,000 

• 1,722,000 

• 1,842,000 

808,000 

1,160,000 

154,000 

108,000 

1,300,000 

666,000 

800,000 

8,000,000 

3,000,000 

4,000.000 

550,000 

1 , 200,000 

304,000 

431,000 

692,000 

2,270,000 

470,000 

120,000 

260,000 

210,000 

500,000 

2,000,000 

420.000 

450,000 

74,000 

750,000 

439,000 

106,000 

30,000 

66,000 

440,000 

460,000 

200,262 

120,000 




AREA AND POPULATION OP BRITISH INDIA AND NATIVE STATES CENSUS OF 1921. 
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PERPETtAL. 


Months. 


1 

i! 

2 

3 

4 

5 


7 

8 

9 

10 

11 

January 

M 

Tu 

W 

Th 

Sa 

Su 

M 

Tu 

Th 

F 

Sa 

Su 

February 

Th 

F 

Tu 

Su 

Tu 

\\ 

Th 

F 

Su 

M 

Tu 

W 

Marcli 

Th 


Sa 

M 

Tu 

W 

Th 

Sa 

Su 

M 

Tu 

Th 

April 

Su 

M 

Tu 

Th 

F 

Sa 

Su 

Tu 

W 

Th 

F 

Su 

May 

Tu 

\V 

Th 

Sa 

Su 

M 

Tu 

TJi 

F 

Sa 

Su 

Tu 

June 

P 

Sa 

Su 

Tu 

W 

Th 

F 

Su 

M 

Tu 

W 

F 

July 

Su 

M 

Tu 

Th 

F 

Sa 

Su 

Tu 

\V 

Th 

F 

Su 

August 

vv 

Til 

F 

Su 

M 

Tu 

W 

F 

Sa 

Su 

M 

W 

September 

1 Sa 

Su 

M 

W 

'J’h 

F 

Sa 

M 

Tu 

W 

Th 

m 

October 

M 

Tu 

W 

F 

Sa 

Su 

M 

w. 

Th 

F 

Sa 

M 

November 

Th 

F 

Sa 

M 

Tu 

\^' 

Th 

Sa 

Su 

M 

Tu 

Th 

Deco mb or 

Sa 

Su 

M 

W 

Th 

F 

Sa 

M 

Tu 

w, 

Th 

Sa 


Divide the required year by 28. Deduct 1 from remainder for the year 
before 1900 and 2 for 1900 and after. 

Below the balance and against the month named will be the day of the 1st 
of that month. 

I^f98 

Example .—To find day of 1st January 1898,——. 

* 28 

Remainder 22, deduct 1—22-—1—21 

Below 21 against January is Saturday which is the day of Ist January 
1398. 

1925 ^ 

For Ist July 1955, -—Remainder 21,'deduct 2==21—2 = 19, table gives 

Wednesday. \ 


28 





















oa£endar. 
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Sizes oj Books. 


Broadside, folio, quarto (4 to), octavo (8 vo), 12 mo, 16 mo, 32 mo, 48 mo. 

Those names indicate the number of pages in the half sheet. For instance an 
octavo has 8 pages in the half sheet. A crown octavo is about 5'x S'*. 
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Weights and Measures. 

Mbasube of Number. Writing Paper. 


12 units 
12 dozens 
12 gross 
20 units 


= 1 dozen. 

= 1 gross. 

= 1 great gross. 
=s 1 score (kori). 


24 Sheets 
20 Quires 
10 reams 


Printing Paper. 


480 sheets (English) 
500 sheets (Indian) 


=3 1 ream. 2 reams 

= 1 ream. 5 bundles 

i 

Sizes of papers {inches."] 


= 1 quire. 
= 1 ream. 
*= 1 bale. 


= 1 bundle. 
= 1 bale. 


Writing and Drawing Paper. 


Double Imperial 

.. 46 

X 

29 





Elephant 

.. 34 

X 

24 

Emperor 

.. 72 

X 

48 

Double four pound 

.. 31 

X 

21 

Antiquarian 

.. 53 

X 

31 

Imperial cap 

.. 29 

X 

oo 

Double Elephant 

.. 40 

X 

26| 

Haven cap 

.. 26 

X 

21 

Atlas 

.. 34 

X 

26 

Bag cap 

.. 24 

X 

19* 

Columbier 

.. 34i 

X 

23i 

Kent cap 

.. 21 

X 

18 

Imperial 

.. 30 

X 

22 





Elephant 

.. 28 

X 

23 

Printing Paper. 



Super Royal 

.. 27 

X 

19 





Royal 

.. 24 

X 

19 

Post 

.. 19* 

X 

15* 

Medium 

.. 22 

X 


Demy 

.. 22* 

X 

17* 

Large Post 

.. 21 

X 


Sheet and half Post 

.. 23* 

X 

19* 

Copy or Draft 

.. 20 

X 

16 

Medium 

.. 24 

X 

19 

Demy 

.. 20 

X 

15^ 

Royal 

.. 26 

X 

20 

Post 

.. 19 

X 

isi 

Double Foolscap 

.. 27 ' 

X 

17 

Foolscap 

.. 17 

X 

13* 

Super Royal 

.. 27* 

X 

20* 

Brief 

.. 16t 

X 

13i 

Double CroUn 

.. 30 

X 

20 

Pott 

.. 15 

X 

12* 

Imperial 

.. 30 

X 

22 





Double Post 

.. 31* 

X 

19* 

Brown Paper. 



Double Demy 

.. 35 

X 

22* 





Double Poyal 

.. 40 

X 

25 

Oasincc 

.. 46 

X 

36 






Tracing Paper and cloth. 


Sizes: 19 X 25, 21 X 26, 28 X40 inches. Also in rolls of 11 and 22 yards. 
Parchment Paper—37 and 38 inches wide, in rolls of 20 and 33 yards. 

Wall Paper—1 piece of—=36^ X 21". ; 

TracingOloth—widths: 18, 28, 30, 36, 38/41, 42 inches X 24 yards long. 
Continuous cartridge—54 and 60 inches wide. 
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English Measure. 


LENGTH. 


SURFACE. 


12 inches 
3 feet 
6 feet 
66 feet. 

220 yards 
8 furlongs 
1 canal mile 
3 miles 


1 foot. 

1 yard. 

1 fathom. 

1 gunter chain. 
4 poles. 


144 sq. inches 
9 sq. feet 
30^ sq. yards 
40 sq. poles 
4 roods 

640 acres 


1 sq. foot, 

«= 1 .sq. yard. 
■= 1 sq. pole. 

« 1 rood. 

= 4840 sq. yds. 
1 acre. 

1 sq. mile. 

1 acre. 


40 poles=1 furlong. 
== 1 mile. 

== 6000 feet. 

= I league. 


10 square chains = 
fgunter]. 


Cubic Measure. 

1728 cubic inches = 1 cubic foot 
27 cubic feet = 1 cubic yard. 


gills 

pints 

quarts 

gallons 

gallons 

bushels 

quarters 


Measure of Capacity. 


= 1 pint. 

= 1 quart. 
— 1 gallon. 
= 6 bottles. 
= I peck. 

= 1 bushel. 
= 1 quarter. 
= 1 load. 


One gallon of water 
6} gallons 
1 c. ft. of water 
1 bushel 
36 bushels 

4 gallons 


== 10 lbs. 

= 1 c. ft. 

= 62-6 lbs. 

= 1*28 c. ft. 

1 chaldron. 
= 4^^ quarters. 
= 1 tin. 

= 24 bottles. 


• English Standard We%gkts. 


Avoirdupois Weight. 


^7*344 grains &= 
16 drams = 

16 ounces =3 

14 lbs. = 

28 lbs. Bs 

4 quarters =s 


1 Dram. 

1 ounce. 

7000 grains. 

1 pound. 

1 stone. 

1 quarter. 

1 hundred we-^ht. 


20 hundred weights bb 1 ton 

= 2240 lbs. 


Troy Weight. 


4 grains 
6 carats 

20 pennyweights 
12 ounces 
25 pounds 
100 pounds < 
20 cwt. 

1 gold carat 


= 1 carat. 

= 1 penny* 
weight. 
*= 1 ounce. 
sa= 1 pound. 
= 1 quarter. 
*= 1 cwt. 

= 1 ton. 

240 grain 
3= 16 mashas. 
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Apothecaries Weights. 


20 grains 
3 scruples 
8 drains 
12 ounces 


.. = 1 scruple. 
.. s= 1 dram. 

.. = 1 ounce. 

.. = 1 pound. 


The grains, ounces and pounds are the same as in Troy. Medicines are 
compounded by this weight and the drugs of which they are composed are bought 
and sold by avoirdupois. 

f ’ 

Apothecaries Fluid Measures. 


60 minims 
60 drops 

2J drachms 
4 drachms 
8 drachms 
20 ounces 

2 ounces 

3 ounces 
8 pints 

I fluid ounce 

Sundry Weights 

1 ton of coal .. 

1 barrel of tar 
1 barrel of gunpowder 
1 cask of black lead 
I cord of wood=[4'X4'x8'} 

1 seam of glass 
1 fagot of steel 
1 pig of ballast 

1 barrel of turpentine .. K 

1 sack of wool ... 


.. =3 1 drachm. 

.. = 1 drachm=one 
tea spoonful. 

.. = 1 dessert spoon. 

.. = 1 table spoonful, 
.. = 1 ounce. 

.. == 1 pint. 

.. = 1 wine glass. 

.. = 1 tea cupful. 

. .* = I gallon. 

.. = 437^ grains. 


.. = 44 to 48 c. ft. 
.. = 25 gals. 

.. = 100 lbs. 

.. =11^ cwt, 

.. = 128 c. ft, 

.. =120 lb. 

.. =120 lb. 

.. =56 lb. 

.. = 224 to 280 lbs. 
.. = 364 lbs. 
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1 bale of cotton [Indian] 

• • 

.. «= 400to500Ib8. 

1 bale of cotton [U. S. A.] 

• • 

.. = 400 to 500 Iba 

1 bag of saltpetre ,. 

• • 

.. = 168 lbs. 

1 bag of Indian portland cement 

• a 

.. = 1*26 c. ft. 

1 cubic ft. of unslaked lime [stone] 

» 4 

.. = 64 lbs. 

1 cubic ft. of slaked lime [stone] 

• • 

.. = 36 lbs. 

1 cubic ft. of slaked lime [kankar] 

• • 

.. = 64 lbs. 

1 cubic ft of unslaked lime [kankai] 

• • 

.. = 74 lbs. 

Relation of Capacity and Weight. 


1 pint = 1*26 lb. .. ,, 

.. • 

.. = 20 ozs. 

Gallons X 10 

• • 

.. = lb. 

Cubic feet X W* 

• « 

.. = gallons. 

Cubic feet X 

t • 

.. = lb. 

Gallons X 

« • 

.. = cubic feet. 

lb X Tooo 

• « 

•. = cubic feet. 


Ueat or Temperature Stales, 


Name of thermometer. 

_ 9 . 

Symbol. 

Fioe/ing 

point. 

Boiling 

point. 

1 Ratio. 

Centigrade 

C® 

0® 

o 

o 

e 

1 a [F®—32] 

Fahrenheit 

F® 

32® 

212® 

?C®-}-32 

• 

Reaumur 

R® 

0® 

80® 

t [F®—32J 


Note —The normal temporatuio of the human body is 98 4®F or 37®C or29‘5®R. 
Freezing point=32® F, 0® C, 0* R 
• Boiling pomt=212® F, IW)® C, 80® R. 

Absolute temperature is reckoned from absolute Zero, nihich is at 273" C 
below 0®C, 459*4® below 0®F and 218 4® below 9®K, * 


4 farthings 
12 ponce 
2 shillings 


Enjhsh Money Measure, 


] penny. 

1 shilling, t 
1 florin. 
Diameter of 


5 shillings 

20 shillings 

21 shillings 

i penny = 1 inch« 


= 1 crown 
*a* 1 pound, 
» 1 guinea* 










The English Mile compared with other European Measures. 
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Indian Weights and Measures. 


21 inches 
4 girrahs 
16 girrahs 


Indian Cloth Measure. 

.. .. .. = one girrah. 

.. = one balist. 

.. 3= one yard=36 inches 

Punjab Land Meamre. 


9 sq. karm or sirsahi 
20 marlas 
4 kanals 
2 bighas 
1 bigha 

United Province Land Meas^^re, 

» 20 Inwansi 
20 kachwansi 
20 biswanai 
20 biswas 

# 

I chain = 60 yards [desi]. 

I chain X 1 chain=bigha. 

Or one bigha = 60 X 60 sq, yards [ilahi]. 

= 55 X65=|3026 sq. yards [Englishj. 
= ^ acre. 

8 bighaa = 5 acres. 


Bs 1 maria. 

= I kanal. 

~ 1 bigha. 

= 1 ghumaon. 

= 1620 sq. yards. 


= 1 kachwansi. 

3= 1 biswansL 
= 1 biswa. 

= 1 bigha 
= 55X55 sq. yards. 
= 3026 sq. yards. 


•Bengal 

1 sq. cubit 
20 gandas 

16 chittaks .. •• 

20 cottahs 

1 bigha •. • 

121 bighas 
1936 bighas 


Land Measure. 

... .. » 1 ganda. 

.. .. = 1 chittak. 

.. .. ss 1 cottah. 

.. .. =3 1 bigha 

.. .. a=* 1600 sq. yards. 

.. ^ 40 acres. 

.. = 1 sq. mile* 
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Madras Land Mmaure* 


144 sq. inches 
2400 sq. ft. 

24 ground 
484 kani 
121 kani 


.. » 1 sq. ft. 

.. = one ground or manai. 

.. s one kanis=l'32 acres (English). 
.. = one sq. mile. 

.. = 160 acres. 


Bombay Land Measure. 


39^^ sq. haths 
20 kathis .. 

20 pands 
6 bighas 
20 rukheys 

Punjab and U, 

8 khash khas 
8 chawal 
8 ratis 
12 mashas 

3 tolas .. vm 

4 chittaks 
] 6 chittaks 
40 seers 

1 standard seer 
3 factory maunds 
34 factory maunds 
«.. 1 oivt. .. .. 


.. = 1 kathi—lO sq. yards. 

= 1 pand =e= 200 sq. yards. 

.. ~ 1 bigha=400 sq. yards. 

.. =3s 1 rukhey. 

.. s= 1 chhar. 

P. Weights. 

.. = 1 chawal (rice). 

.. 1 rati 

.. — 1 raasha. 

.. == 1 tola. 

.. = I chittak. 

.. s= 1 pawa. 

.. = 1 seer. 

.. = 1 maund=82'2857 lbs. 

.. = 80 to!as. 

.. = 2 cwt. 

.. = 36 cwt. =49 bazar maunds. 
.. 'ss 1 tnaund 14 seer 7*, ch. 


Madras Weights. ^ 


Bombay Weights. 


180 grains 
3 tolas 
8 pallums 
5 seers 
8 Yiss 
20 maunds 


= 1 tola. 

= 1 pallum. 

-=s 1 seer. 

= 1 viss. 

= 1 md. = 25 lbs. 


40 seers 
20 maunds 
I maund 
1 cF.hdy 


= 1 maund. 
=as one candy. 
= 28 lbs. 

= 6 cwt. 
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Indian Capacity. 


Northeen India. 


5 seers 
8 palis 
1 maund 


.. = 1 pali. 

1 maund. 

.. = 9*81 gallons. 


Madras. 


Bombay. 


12^ olaks 
8 padis 
5 markals 
80 paras 
1 para 


=: 1 padi. 
ss 1 markal. 

= 1 para. 

= 1 garce. 
=20*X20''X10\ 
=4000 cubic inches. 
= 14*43 gallons. 


64 seers 
16 pay alls • 
8 paras 
1 para 


= 1 payali. 

= 1 para. 

= 1 candy. 

3145 cubic inches 
= 11 *34 gallons. 


Indian Time Meafinre, 


60 pals 
2 ^ gharis 
7I hours 
8 pohrs 
7 days* 


= 1 ghari. 
=3* 1 hour. 
= 1 pohr. 
= 1 day. 
== 1 week. 


15 days 
30 days 
12 months 
12 years 
100 years 


= 1 pakh. 

= 1 month. 
= 1 year. 

= 1 jug. 

= 1 century. 


ff 

Enolisu Time Measure. 


60 seconds 
60 minutes 
24 hours 
7 days 
12 month,. 

366 days 


— 1 minute. 

= 1 hour,. 


= 1 day. 

= 1 week. 

= 1 year. 

= 1 leap year 


Indian Money Measure. 

[Behar, U. R, N. W. F. R and 
Punjab.] 


2 adhis 
2 dtynris 
2 chadams 
2 dhelas 
4 pesas 
16 annas 


= 1 damri. 
= 1 chadam. 
= 1 dhola. 

= 1 pesa. 

= 1 anna. 

= one rupee. 
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Nautical Measure. 


6 feet 

126$ fathoms 
$ cable length 
3 knots 
20 leagues 
360 degrees 


.. = 1 fathom. 

.. = 1 cable length, 
.. — 1 mile or knot. 

.. = 1 league. 

.. = 1 degree. 

.. = 1 earth circum¬ 
ference. 


Knots. 

Miles. 

Knots. 

Miles. 

Knots. 

Miles. 

1 

rici5 

15 

17*2727 

29 

33*3939 

2 

2-3030 

16 

1 

18*4242 

30 

34*5454 

3 

3*4545 

17 

19-6757 

31 

35-6969 

4 

4*606 

18 

20*7272 

32 

, 36-8481 

1 

5 

5*7575 

! 

21*8787 

33 

38*0000 

6 

6-Of) 9 

20 

23*030 

34 

39*1515 

7 

8 0606 

21 

24*1818 

36 

40*3030. 

8 

9*2121 

22 

1 25*3333 

1 

36 

41*4545 

9 

10*3636 

23 

26*4848 

37 

. 42*606 

10 

11*5151 

24 

27*6363 

38 

43 *75750 

11 

12*6666 

.25 

28*7878 

39 

44*909 

12 

13*8180 

26 

29*9393 

40 

46*0606 

13 

14-9696 

0 

27 

31*0908 

41 

47-2121 

14 

16*1212 

_ 

28 

32*2424 . 

42 

48-3636 













Metric Measures. 


Measure of length 

Metre 

• • 

= 3*2809 ft. 

Measure of surface 

Are 

= 1076*43 sq. ft. 

= *0247 acre. 

Measure of volume 

Cub. metre Stere.. 

) 

= 36*317 c. ft. 

1 

Measure of capacity 

Litre 

1 

9 

{ 

= *22009 gals. 

= 1*76072 pints. 

1 

Measure of weight 

] 

Gramme 

= *036 oz. 

=» 15*432349 grs. 

Multiples:— Deca = 10 times as 

Hecto = 100 „ „ 

.Kilo = 1,000 „ 

Myria ?= 10,000 ,, 

Sub-multiples :— Deci = 1/10 „ 

Centi = 1/100 „ „ 

• Milli = 1/1000 „ 

Decimetre = 10 metres. 

Hectare = 100 ares. 

= 2*471143 acres. 

Decimetre = 1/10 metre. 

Centimetre = 1/100 metre. 

= '3937 inch. 


1 millier or bar = 1,000,000 grams. 1 Quintal— 100,000 grams. 


Hough Comparisons. English and Metric Measures. 


10 centimetres 
1 litre 
1 kilogram 
1 sq. metre 


= 4 in. 

=li pints. 

= 2i lb. 

= 10 sq. ft. 


8 kilometres 
1 cub. metre 
1000 kilograms 
1 hectare 


Sundry Measures. 


6 miles. 


= 220 gals. 
=;: 1 ton. 

= 2\ acres. 


Cable length or Cable .. s= 608 ft. = 1/10 Nautical mile. 

1 length of cable .. =12jrfathoma ^ 

1 palm .. = 3 inches. 

1 hand .. ss 4 inches. 
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1 cubit ..= 18^ 

I carat .. ..=*3*17 grains. 

Carat [gold manufacture] is a measure of fineness. Pure gold is 24 carats. 
Standard gold is 22 carats. 

The gold is called so many carats, say 18 when it contains 18 parts gold and 
6 parts alloys. 

Measure of Angles^ 

60* seconds .. .. = I minute. 

60' minutes .. .. = 1 degree. 

90 degrees r.. ..= 1 quardrant=l right angle. 

Note. —The earth rotates at 1.5® an hour or 1® in 4 minutes. Consequently 
the local times of two places having a distance of 1® east or west ditlers by 4 
minutes. 

Circumference 

7r-= -=3*14159. 

Diameter 

Radian is an angle .subtended at the centre of a circle by an arc in length to 
the radius of that circle=57’29580." 

Useful Numbers for Rapid Calculation. 

Water. 

1 cubic feet of water=62*60 lbs. = *667 cwt.*= *028 tons. 

Sea water, specific gravity 1*026; 1 c. ft. = *0285 tons. 

Head in feet X *4325= lbs, per square inch, 
lbs. per square inch x 2*3122= Head in feet. 

Depth in fathoms X 2 *66 =lbs. per square inch [^Soa water]. 

Tons of water X 224=gallons; 1 gallon=101 bs. 

Cubic ft. per minute X 0000=gallons per 24 hours. 

[Inches diam. of pipe]*=lbs. of water contained per yard. 

Iron andSteeU 

1 inch square rod weighs 10 lbs. per yard. 

Area X 10= weight per yard in lbs. 

A square foot df iron plate, 1 inch thick ^weighs 40 lbs. 

1 cubic inch of oast iron weighs *26 lbs. wrought iron *28 lbs. 
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Horst Power. 


Man power X 6= Horse power [English]. 

1 H. P. = 33,000 ft. lbs. per minute=660 ft. lbs. per second. 

H. P. of boilers=lbs. of water evaporated per liour~30. 

1 inch water gaugos=’5 lbs. per square inch apx>rox. 

1 atraosphero=14'7 Iba. per square inch=33’99 ft. of water=l5 lbs. 

Rainfall and Snow. 


Inches of rainfall X 100'925= tons per acre. 

Inches of rainfall X 14'4680= millions of gallons per square mile, 
weight of snow = ’433 lbs. per square foot for each inch oi depth. 

Speed. * 


Poet per minute 
Milos per hour 
Poet per minute 
Knots per hour 
Foot per >>econd 
Foot per second 

« I A ^ vx M !•> w* 


X 

X 

X 

X 

X 


•00985 
101-6228 
•68182 
•59142 
1 -4667 


= Knots por hour. 
= Feet per minute. 
= Miles per hour. 
=Knots per hour. 


Knots 

por hour 

X 1’6909 =Foet 


* 

Miscellaneous. 

H. P. 

= Cuse«s 

X H X 3 r H. P. 



1 H. 


d2 

1 ^ 

Q. • 

= — 

1 

1 
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L D. 


QxF 


H. P. 

=5 . 

Q. 


15 

F. 


= Horso power. 

= Height to which water* 
is lifted. 

= Discharge in cusecs. 

= Bore of pipe in inches. 

(Centriiugal pipes). 

= Discharge in cusecs. 

= Height of fall in feet. 


Note .—Erdciency 50 per cent. 

Weight of cast iron pipe per ft. = 10 [ Bore X thickness]+- 
In verandahs the height of arch to the crown 


Bore 


= 1| width, *. c., H=l| L. 

Wl^ro L= width of verandaS. 

One waggon load, ?.e., 20 tons of coal is required to burn 
one lakh of 9^ bricks in the Bull type kiln. e 



Cubic Conte^^ts peb running foot foii 
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If the wood in question is tapering from one end to the other it should be measured in the middle. In 
case it is irregular take dimensions at two or three places. 

Example .—Find the cubic content.s of a log '62'- 10’' long and having a girth of l6'-6^ 

Table gives 16'84 for 16 'o'*' which is contents of 1 foot long. 

Total cubic contents =.=32'l(r'X lt)’84 —653 cubic feet say 
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Table of Gomptyund Conversion Factors, 


To reduce. 

1 

Into. 

Multiplier 

. ReciprocaL 

Cubic feet per second 

• • 

Cubic metres per hour 

101-94 

•0098 

Feet per second 

• • 

1 Centimetres per second 

I 

30-479 

•0328 

Pounds per lineal foot 

• • 

Kilos per lineal metre 

1-488 

•672 

Pounds per lineal yard 

• • 

Kilos per lineal metre f . 

'496 

2-016. 

Tons per lineal foot 

• « 

Kilos per lineal metre .. 

3333-3 

•0003 

Pounds per square inch 

• • 

Kilos per square Centi- 





metre 

•0703 

14-223 

Tons per square inch 

• • 

Kilos per square Mili- 





metre 

1-576 

•635 

Pounds per square foot 

. . 

Kilos per square metro.. 

4-84 

•2048 

Tons per square foot 


Tonnes per square 





metre. 

10-936 

•0914 

Pounds per cubic foot 

• ■ 

Kilos per cubic metre .. 

16-89 

•0624 

Pounds per cubic yard 

• • 

Kilos per cubic metre .. 

'5933 

1-686 

Tons per cubic yard 

• • 

Tonnes per cubic me- 





I tro 

1 -329 

•762 

Grains per gallon , 

• • 

Grammes per litre 

•01426 

70-153 

Pounds per gallon 

■ • 

1 Kilos per litre 

•0998 j 

! 10-02 

Gallons per square foot 


! Litres per square metre 
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Note. —To find contents of any length, multiply the length required by the 
contents obtainable from this table. 

Example .—Find the cubic contents of 10'X5" beam 10 feet long. From the 
table we find -36 against 10* X 6*. 

For length of one foot—*35 c, ft. 

For length of 10 feot ==3-6o. ft. 

(ii) A beam is 17^ ft. long and 9^* x 15^* in section. Find its cu^io contents. 
From the table we find 2-03 against 19|*x 15*. 

Add *07 found against 19i*xi*. 

.*. Cubic contents per ft. run =2-03-f-‘07 

= 2-1 

Cubic contents of 17J ft, =2*1 X17^. 

=36*75 c. ft 


Square of Lyallpnr district =1100'xn00'=27-7 acres. 
Rectangle of Montgomery district =1100'X990'=25 acres. 
If X=number of acres, 

' Xx36 

then number of squares 

100 

Xx40 

and No. of Rectangles = —- 

100 

One killa in LyaDpur district >-220'x 220'. 

One killa in Moif^gomery district: =220'X198'. 
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Table for converting inches into Decimale of a foot. 
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Table of Squares, Cubes, Square roots and Cube roots. 
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12 

144 

1728 

3-46410 

2-2894 

32 

1024 

32768 

5-66686 

3-1748 

-13 

169 

2197 

3-60556 

2-3613 

33 

1089 

35937 

5-74466 

3-2076 

•l4 

196 

2744 

3-74166 

2-4101 

34 

1156 

39304 

6-83096 

3-2396 

15 

225 

3376 

3-87298 

2-4662 

35 

1226 

« 

42875 

5-91609 

3-2711 

16 

256 

4096 

4-00000 

2-5198 

36 

1296 

46656 

6-00000 

3-3019 

n 

289 

4913 

4-12311 

2-5713 

37 

1369 

50653 

6-08276 

3-3322 

18 

324 

5832 

4-24264 

2-6207 

38 

1444 

64872 

6-16441 

3-3620 

IS 

361 

6859 

4-35890 

2:6684 

39 

1621 

6931^ 

6-24600 

3-3912 

20 

400 

8000 

4-47214 

2*7144 

40 

1600 

64000 

6-32456 

3-4200 
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No. square. I Cube. I roo^ 

41 1681 68921 6-40312!3'4482 

42 1764 74088 6*4807413 *47601 

43 1 849 79507 6'55744 3*5034 

44 1936 85184 6 * 6332.': 3 * 5303 

45 2025 91125 6 * 7082C 3 • 5569j 

46 2116 97336 6*78233 3*5830 

47 2209 103823 6*85565 3*6088' 

48 2304 110592 6*92820 3*634 

49 2401 117649 7 *00000 3*6,593 

50 2500 125000 7 *0710713 *6840 

51 2601 1326.51 7*14Mi 3*7084 

52 2704 140608 7*2UK 3*7325 

5.3 2809 148877 7*280113*7.563 

54 2916 157464 7*34807 3*7798 

55 J 3025 166375 7*41620 3*8030 

56 3136 175616 7*48331 82.59 

57 3249 1^5193 7*54983|3 8485 

58 3364 195112 7*61577 3* 8709| 

59 3481 20.5379 7*68115 8930 

60 3600 216000 7*74597 3*9149! 

61 3721 226981 7*81025 3*9365 

62 3844 238328 7*874013*9579 

63 3969 250047 7*937251 9791 

64 4096 262144 8*00000|4 0000 

65 4225 274625 8*06226 4*0207 

66 4356 287496 8*12404 4*0412 

67 4489 300763 8*18535 4*0615 

68 4624 314432 8*246214*0817 

69 4761 328509 8*30662 4*1016 

70 4900 343000 8*366604*1213 

71 5041 357911 8*42615 4 *14081 

72 5184 373248 8*485284*1602 

73 5329 389017 8*54400 ‘1793 

74 5476 405224 8*602334*1983 

75 5625 421876 8*660254*2172 

76 6776 438976 8*717804*23681 

77 6929 456533 8*774964*2543' 

78 6084 474552 8*83176 *2727 

79 6241 498039 8* 888 j 14*2908 

80 6400 512000 8*944274*30891 


No. 

'Square. 

Cube. 

Square Cube 
root. root* 


6.56] 

531341 

9*0000( 4*3267 

82 

6724 

551368 

9*05631 4*3445 

83 

6889 

571787 

9*1104.^ 4 *3621 

84 

7050 

592704 

9*16516 4 *3796 

85 

7225 

614125 

9*21964 4 3998 

86 

7396 

636056 

9*27362 4*4140 

87 

7569 

658503 

9*327384*4310 

88 

7744 

681472 

4*4480 

89 

7921 

704969 

9*433984*4647 

90 

8100 

729000 

9*48683 4*4814 

91 

8281' 

753671 

9*639394 4979 

92 

84641 

778688 

9-591664-6144 

93 

8649 

80435' 

9*64365 4*6307 

94 

8836 

830684 

9*69536 4*5468 

95 

9025 

85737. 

9*74679 4*5629 

96 

9216 

884736 

9*797964*6789 

97 

9409 

912673 

9*84886 4*5947 

98 

9604 

94119^ 

9*89949 6104 

99 

9801 

970299 

9*94987 6261 

looi 

10000 

1000000 

lO-OOOOC 4*6418 


101 10210| 1030301 10*049884*6670 

102 10404 1061208 10 *09950 4* 672a 

103 10609 1C 92 72 10*14889 4*6876 

104 10816 112486410*19804 7027 

106 11025 115762610*24696; 7177 

106 112,36 119101610*29663 * 7326 

107 11449 1225043 10 *34408|4 ■ 7476. 

108 11664 1259712 10*39230, 7622 

109 11881 129502910*44031 7769 

llOi I 2 IOOI 1331000 0*4880914*7814 

111 12321 1367631 0*63565 4 8069 

112| 12544| 14049281 0*583014 8203 

113 12769 1442897 0*63016 4 8346 

114 12996 1481544 0*67708 4 8438 

116 13225 16208751 0*723814*8629 

116 13456 1660896 77033 4*8770 

117 13689 1601613 81666 4*8910 

118 13924 1643032 862784*9049 

11« 14161 1685159 908714*9186 

120 14400 1728000 9644514*9.324 
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No. 

Square. 

Cube. 





Cube. 


WM 

121 

14641 

1771561 

11-00000 

4-9461 

161 

25921 

4173281 

12-68858 

1 5-4401 

122 

14884 

1815848 

11-04536 

4-9597 

162 

26244 

: 4251528 

12*72792 

5-4614 

123 

15129 

1860867 

11-09064 

4-9732 

i 163 

26569 

1 4330747 

12-76715 

6-4626 

124 

16376 

1906624 

11-13568 

4-9866 

164 

26896 

' 4410944 

12*80625 

6*4737 

125 

15626 

1953125 

11-18034 

5-0000 

165 

27226 

4492125 

12*84623 

6-4848 

126 

16876 

2000376 

11-22497 

6-0133 

166 

27566 

4574296 

12-88410 

6-4969 

127 

16129 

2048383 

11-26943 

5-0266 

167 

27889 

4657463 

12-92285 

6-6069 

128 

16384 

2097152 

11-31371 

5-0397 

168 

28224 

4741633 

12-90148 

6-6178 

129 

16641 

2146689 

11-3Q782 

5-0623 

169 

28561 

4826809 

13-00000 

5*6288 

130 

16900 

2197000 

11-40178 

5-0658 

170 

28900 

491300C 

13-03840 

5-5397 

131 

17161 

2248091 

11-44562 

5-0788 

171 

29241 

6000211 

13*07670 

5-6505 

132 

17424 

2299968 

11-48913 

5-0916 

172 

29584 

5088448 

13-11488 

5-5613 

133 

17689 

2352637 

11-63266 

5-1045 

173 

29929 

6177717 

13-16296 

5-6721 

134 

17956 

2406104 

11-57584 

5-1172 

174 

30276 

6268024 

13-19091 

6-5828 

136 

18225 

2460376 

11-61895 

5-1299 

175 

30625 

5369376 

13-22876 

5-6934 

136 

18496 

2515456 

11-66190 

5-1426 

176 

30970 

6461776 

13-2665C 

5-6041 

U7 

18769 

2671363 

11-70470 

5-1561 

177 

31329 

5645233 

13-30413 

5-6147 

138 

19044 

2628072 

11-74734 

5-1676 

178 

31684 

6639752 

13-.3416( 

6-6262 

139 

19321 

2685619 

11-78983 

5-1801 

179 

32041 

5736339 

J3-379GB 

5-6367 

140 

19600 

2744000 

11-83220 

5-1925 

180 

32400 

5832000 

13-41641 

5-6462 

141 

19881 

2803221 

11-87434 

5*2048 

181 

32761 

6929741 

13-45362 

5-6667 

142 

20164 

2863288 

11-91640 

5-2171 

182 

33124 

6028568 

13-49074 

5-6671 

143 

20449 

292420? 

11-958:30 

5*2293 

183 

33489 

6128487 

13-52775 

5-6774 

144 

20736 

2985984 

12-00000 

5-2415 

184 

33856 

6229604 

13-56466 

5-6877 

145 

21025 

3048625 

12-041.59 

15-2536 

185 

34225 

6331626 

13-60147 

5-6980 

146 

2]3irj 

3112136 

12-08305 

5-2666 

186 

34596 

' 6434856 

13-63818 

5-7083 

U1 

21609 

3176523 

12-12436 

5-2776 

187 

34969 

6639203 

13-67478 

5-7186 

148 

21904 

324 1 792 

12-1655:. 

5*2896 

188 

36:144 

6644672 

13-71136 

5-7287 

140 

22201 

3307949 

12-20656 

5-3015 

189 

35721 

6751269 

13-74763 

6-7388 

150 

22500 

3376000 

12-24746 

5-3133 

190 

36100 

685900C 

13-78405 

6-7489 

151 

22801 

3442951 

12-28821 

5-3251 

191 

36481 

6967871 

13-82028 

5-7690 

152 

23104 

35118{;8 

12-32883 

5-3368 

192 

36864 

7077888 

13-85641 

6-7690 

153 

23409 

3681677 

12-36932 

5*3485 

193 

37249 

7189057 

13-89244 

5-7790 

154 

23716 

3652264 

12*40967 

6-360] 

194 

37636 

7301384 

13-92838 

5-7890 

155 

24025 

3723875 

12-44990 

5-3717 

195 

38026 

7414876 

13-96424 

5-7989 

156 

24336 

3796416 

12-49000 

5-38.32 

196 

38416 

7629536 

14-00000 

6-8088 

157 

24649 

3869893 

12-52996 6-3947 

197 

38809 

7646373 

14-03667 ; 

6-8186 

158 

26964 

3944312» 12-56981 

6-4061 

198 

39204 

7762:192 

14-07126 i 

5-8286 

159 

26281 

4019679 

12 60952 5-4175 

199 

39601 

78806^ 

14-16674 i 

5-8383 

160 

26600 

4096000 

12-64911 5*4288 

1 

200 

40000 

8000000 

_ 

14-14214 i 

5-8480 
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No. 

Square. 

Cube. 

Square 

root. 

Cube 

root. 

No. 

Square. 

Cube. 

Square 

root. 

(!:ult>e 

root. 

201 

40401 

8120601 

141774 

5*8578 

241 

58081 

13997621 

15*5242 

6*2231 

202 

40804 

8242408 

14*2127 

5*8675 

242 

58664 

14172488 

15*6563 

6*2317 

203 

41209 

8365427 

14*2478 

5*8771 


59049 

14348907 

15*5885 

6*2403 

204 

41616 

8189664 

14*2829 

5*8868 

244 

59636 

14626784 

16*6206 

6*2488 

205 

42025 

8615125 

14*3178 

6*8964 

245 

60026 

14706126 

16*6626 

6*2573 

206 

42436 

3741816 

14*3627 

5*9059 

246 

60516 

14886936 

15*6844 

6*2668 

207 

42849 

8869743 

14*3875 

6*9155 


61009 

15069223 

16*7162 

6*2 74a 

208 

43264 

8998912 

14*4222 

5*9250 

248 

61504 

15262992 

15*7480 

6*2828 

209 

43681 

9129329 

14*4668 

5*9345 

249 

62001 

15438249 

15*7797 

6*2912 

210 

44100 

9261000 

14*4914 

5*9439 

250 

62500 

15625000 

15*8114 

6*2996 

211 

44521 

9393931 

14*5258 

5*9533 

251 

63001 

15813251 

16*8430 

6*3080 

212 

44944 

9528128 

14*5602 

5*9627 

252 

63504 

16003008 

15*8746 

6*3164 

213 

45369 

9663597 

14*5945 

5*9721 

253 

64009 

16194277 

15*9060 

6*3247 

214 

45796 

9800344 

14*6287 

5*9814 

254 

64516 

16387064 

16*9374 

6*3330 

215 

46225 

9933875 

14*6629 

5*9907 

255 

65026 

16581376 

15*9687 

6*3413 

216 

46056 

10077696 

14*6969 

6*0000 

266 

65536 

16777216 

16*0000 

6*3496 

217 

'47089 

10218313 

14*7309 

6*0092 

257 

66049 

16974593 

16*0312 

6*3579 

218 

47524 

10360232 

14*7648 

6*0185 

258 

66564 

17173512 

16*0624 

6*3661 

219 

47961 

10503459 

14*7986 

6*0277 

259 

67081 

17373979 

16*09:15 

6*3743 

220 

48400 

10648000 

14*8324 

6*0368 

260 

67600 

17576000 

16*1246 

6*3825 

221 

4 8841 

10793861 

14*8661 

6*0459 

261 

68121 

17779681 

16*1555 

6*3907 

222 

49284 

10941048 

14*8997 

6*0650 

262 

68644 

17984728 

16*1864 

6*3988 

223 

49729 

11089567 

14*9332 

6*0641 

263 

69169 

l&'191447 

16*2172 

6*4070 

224 

50176 

11239424 

14*9666 

6*0732 

264 

69696 

18:199744 

16*2481 

6*4161 

225 

50625 

11390625 

15 0000 

6*0822 

265 

70225 

18609625 

16*2788 

6*4232 

226 

51076 

11543176 

15*0333 

6*0912 

266 

70756 

18821096 

16*:i095 

6*4312 

227 

51529 

11697083 

15*0665 

6*1002 

267 

71289 

19034163 

16*3401 

6*4393 

228 

51984 

11852352 

15*0997 

6*1091 

268 

71824 

19248832 

16*3707 

6*4473 

229 

52441 

12008989 

15*1327 

6*1180 

269 

723’6l 

19465109 

16*4012 

6*4663 

230 

529(K) 

12167000 

15*1658 

6*1269 

270 

72900 

1968:1000 

16*4317 

6*463:i 

231 

53361 

12326391 

15*1987 

6*1358 

271 

73441 

19902511 

16*4621 

6*4713 

232 

53824 

12487168 

15*2315 

6 1446 

272 

73984 

20123648 

16*4924 

6*4792 

233 

54289 

12649387 

15*2643 

6*1634 

273 

74629 

20:i46417 

16*6227 

6*4372 

234 

54756 

12812904 

15 2971 

6*1622 

274 

76076 

20570824 

16*5529 

6*4961 

235 

55225 

12977875 

16*3297 

6*1710 

275 

75625 

20796876 

17*5831'6*5030 

236 

55696 

13144256 

15*3623 

6*1797 

276 

76176 

21024576 

16*6132; 6'6108 

237 

66169 

13312053 

15*3948 

6-18&5 

277 

76729 

21263933 

16*6433 

6*6187 

238 

56644 

13481272 

16*4272 

6*1972 

278 

77284 

21484952 

16*6733 

6*5265 

239 

57121 

13651919 

15*45b6 

6*2058 

279 

77841 

21717639 

16*7033 

6*5343 

240 

57600 

13824000 

15*4919 

6*2145 

280 

78400 

21952000 

16*7332 

6*5421 
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jSquare. Cube. 


Square 

root. 


Cube I 
root. 


No. Square. 


Cube, 


Square 

root. 


281 78981 22188041 

282 79524 224257681 

283 80089 22665187 

284 80656 22906304 

285 81225 23149125] 

286 81796 23393656 

287 82369 23639903 

2881 82944 23887872 

289 83521 24137569' 

290 84100 24389()00| 

291 84681 24642171 

292 85264 24897088 

293 85849 25153757 

294 86436 25412184 

295 87025 25672375 

296| 87616 25934336 
297| 88209 26198073 
29%{ 88804 26463592 
299i 89401 26730899 
300| 90000] 27000000 

301 90601 27270901 

,302 91204 27543608 

303 91809: 27818127. 

304 92416| 28094464 

.305 93025 28372625 

306] 93636 28652616] 
307 94249 28934443 

3^8! 94864 29218112 
3091 95481 29503629] 

310 96100 29791000 

311 96721 30080231! 

312 97344 303713281 

318 97969 30664297| 

314 98596 30959144 

315 99225 31255875 

316 99856 31554496 

317 100489 31855013 

318 101124 32157432 

319 101761 32461769 

320 102400] 32768000] 


1(V7631 6-6499 321 103041 
16-7929] 6-55771 322 103684 
16-8226 6-5654 323 104329: 
16-8523 6-6731 324 104976] 
16-8819] 6-5808] 326| 105625] 

16 911516-5885; 326 1062761 
16-9411] 6-59621 327 106929' 

16- 970016-6039 328 107584 

17- 0000] 6-6110 329 108241 
17-029416-6190 330 108900 

( 

17-0587] 6-6270, 331 109561 
17-0880 6-63401 332 110224 
17-1172! 6-6420 333 110889 
17-146416-6490 334 111656; 
17-1756 6-6570 335 112225 

17-2047] 6-6640 .336] 112896 
17-233716-6720 337 U3569] 
17-2627,6-6790 338] 114244 
17-2917 6-6870 339 114921 
17-3205 6-6940 340 115600 

17-3494 6-7020] 341 116281 
17-3781 6-7090 342 116964 
17-406916-7170 343 117649 
17-4356 6-7240 344 118336 
17-4642 6-7310 345 119025 

17-4929] 6-7390 346 119716 
17-5214 6-7460 347 l-20409i 

17 5499] 6-7.'i30 348 121104 
17-5784 6-7610 .349 121801 
17-606816-7680 350' 122500 

17-6352 6-7750] 351 123201 
17-6635 6-7820 352 123904 
17-6918] 6-7900 .353 124609] 
17-7200 6-7970 354 125316 
17-7482 6-8040! 355 126025 

17-7764 6-8110 356] 1267361 
17-8045 6-8180 357 127449 
17-8326 6-8260 3681 128164 
17-8606 ^0 359| 128881 

17-8885] 360 129600 


33076161 17-9165 
33386248] 17*9444 
33698267 17*9722 
34012224 18-0000 , 6*868 
34328125 18*0278, 6*875 

34645976 18-0555 
34965783 18-0831 
35287562 18*1108 
35611289 18-1384 
35937000 18 1659 

36264691 18-1934 
36594368] 18*2209] 
36926037] 18*2483 
37259704] 18-276 
37595375! 18-3030| 

37933056' 18*3303 
38272753 18*3576 
38614472 18*384 8| 
389.58219] 18-4120 
39304000 18-4391 

39651821 18-4662 

40001688 18-4932 
40353607 18-5203 
40707584 18 5472 
41063625 18-5742 

414217.36' 18-6011 
41781923' 18-6279 
42144192 1 8*6548 
42508549, 18*6815 
42875000! 18-7083 

43243551] 18-73501 
43614208, 18-7617] 
43986977] 18*7883 
443618641 18*8149] 
44738875' 18-8414 

45118016 18-8680] 
45499293! 18-8944 
45882712; 18-9209] 
46268279] 18*9473, 
46656000 18-9737] 
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No. 

Square. 

Cube. 

square 

root. 

uuDe 

root. 

No. 

Square. 

Cube. 

Square 

root. 

Culbe 

root. 

361 

130321 

47045881 

19-0000 

7-120 

IbujI 

160801 

64481201 

20-0260 

7-374 

362 

131044 

[ 47437928 

19-0263 

7-127 


161604 

64964808 

20-0499 

7-380 

363 

131769 

[ 47832147 

19-0526 

7-133 

403 

162409 

66460827 

20-0749 

7-386 

364 

132496 

> 48228544 

19-0788 

7-140 

404 

163216 

65939264 

20-0998 

7-393 

365 

133225 

! 48627125 

19-105C 

7-147 

405 

164026 

66430125 

20-1246 

7-399 

366 

133966 

49027896 

19-1311 

7-163 

406 

164836 

66923416! 

20 1494 

7-405 

367 

134689 

49430863 

19-1572 

7-160 

407 

165649 

67419143 

20*1742 

7-411 

368 

135424 

1 49836032 

19-1833 

7-166 

408 

166464 

67917312 

20-1990 

7-417 

369 

136161 

50243409 

19-2094 

7-173 

409 

167281 

68417929 

20-2237 

7-423 

370 

136900 

50653000 

19-2364 

7-179 

410 

168100 

68921000 

20*2485 

7-429 

371 

137641 

510648111 

19-2614 

7-186 

411 

168921 

69426531 

20-2731 

7-436 

372 

138384 

51478848 

19-2873 

7-192 

412 

169744 

69934528 

20-2978 

7-441 

373 

139129 

1 51895117 

19-3132 

7-198 

413 

170669 

70444997 

20-3224 

7-447 

374 

139876 

1 52313624 

19-3391 

7-206 

414 

171396 

70967944 

20-3470 

7-463 

375 

140625 

52734375 

19-3649 

7-211 

416 

172225 

71473375 

! 20-3715 

7-469 

376 

141376 

53157376 

[ 19-3907 

7-218 

416 

173056 

71991296 

20-3961 

7-465 

377 

142129 

53582633 

19-4164 

7-224 

417 

173889 

72511713 

20-4206 

7-471 

378 

1 142884 

54010152 

1 19-4422 

7-230 

418 

174724 

73034632 

20-4450 

7-477 

379 

' 143041 

54439939 

19-4679 

7-237 

419 

175561 

73560059 

20-4695 

7-483 

380 

144400 

54872000 

19-4936 

7-243 

420 

176400 

74088000 

20-4939 

7-489 

381 

145161 

55306341 

19-5192 

7-240 

421 

177241 

74618461 

20-5183 

7-495 

382 

j 145924 

55742968 

19-5448 

7-256 

422 

178084 

75151448 

20-5426 

7-501 

383 

1 146689 

56181887 

1 19-5704 

7-263 

423 

178929 

75680967 

20-667C 

7-607 

381 

147456 

56G23104 

! 19-5959 

7-268 

424 

179776 

76225024 

20*5913 

7-613 

385 

148225 

57066625 

19-6214 

7-275 

425 

180625 

76765625 

1 

20*6155 

7-618 

386 

148996 

57512450 

19-0469 

7-281 

426 

181476 

: 77308776 

20-6398 

7-524 

387 

149769 

57960603 

19-0723 

7-287 

427 

182329 

77854483 

2(.“6640 

7*630 

388 

150544 

58U1072 

19-6977 

7-294 

428 

183184 

78402752 

20-6885^ 

7-l>36 

389 

151321 

58863869 

19-7231 

7-300 

429 

184041 

78953589 

20-7123 

7-642 

390 

152100 

59319000 

19-7484 

7-306 

430 

184900 

79507000 

20-7364 

7-548 

391 

152881 

59776471 

19-7737 

7 - 312 ! 

431 

185761 

80002991 

20-7605 

7-654 

392 

153664 

60236288 

19-79901 

7-319 

1 432 

186624 

80621568 

20-7846 

7-560 

393 

154449 

60698457 

19-8242 

7-325 

433 

187489 

81182737 

20-809C 

7-665 

394 

155236 

61162984 

! 19-8494 

7-331 

434 

188356 

81746504 

20*833r 

7-571 

395 

156025 

61629875 

19-8746 

7-337 

435 

1 189225 

82312875 

20-8570 

7-677 

396i 

156816 

62099136 

19-8997 

7-343 

436 

190096 

82881856 

20-8110 

7-583 

397 

157609 

62570773 

19-9249 

7-350 

437 

190969 

8.3453453 

20-9040 

7*68^ 

398 

168404 

63044792 

19-9499 

7-366 

438 

191844 

84027672 

20-9280 

7-694 

399! 

169201 

63621199 

19-9760 

7-362 

4,^ 

192721 

84604519 

20-9620 

7-600 

400 

160000 

64000000 

20-0000 

7-368 

440 

193600 

85184000 

23-9760 

7-602 
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No. 

Square. 

Cube. 

. Square 
root. 

Cube 

root. 

No. 

Square. 

1 Cube. 

Square 

root. 

Cube 

root. 

441 

194481 

85766121 

21-OOC 

7-612 

48J 

231361 

.11128464] 

21 -932 

7.-83& 

442 

. 195364 

86350888 

21-024 

7-617 

482 

232324 

1]198016{ 

) 21-954 

7-841 

443 

19624S 

86938307 

2104fc 

7-622 

482 

233288 

>11267858’; 

21-977 

7-846 

444 

197136 

87528384 

21-071 

7-628 

484 

234266 

113379904 

22-000 

7-861 

44S 

198026 

88121126 

21-096 

7-636 

485 

23.'5225 

114084126 

22-023 

7-867 

446 

198916 

88716536 

21-118 

7-64C 

486 

236196 

114791266 

22-045 

7-862 

447 

199309 

89314623 

21-142 

7'64e 

487 

237169 

115501303 

22-068 

7-868’ 

448 

200704 

89915392 

21-166 

7-652 

488 

238144 

116214272 

22-091 

7-873 

449 

201601 

90518849 

21-190 

7-657 

489 

239121 

116930169 

22-113 

7'87a 

450 

, 202500 

91125000 

21-213 

7-663 

490 

240100 

117649000 

22-136 

7-884 

451 

203401 

917.33851 

21-237 

7-669 

491 

241081 

116370771 

22-159 

7-889 

452 

204304 

92345408 

21-260 

7-674 

492 

242064 

119096488 

22-181 

7-894 

453 

, 205209 

92959677 

21-284 

7-680 

493 

24:i049 

119823167 

22-204 

7-900 

454 

206116 

93576664 

21-307 

7-686 

494 

244036 

120553784 

22-226 

7-906 

455 

207025 

94196375 

21-331 

7-691 

495 

24502^: 

121287375 

22-249 

7-910 

456 

207936 

94818816 

21-354 

7-697 

496 

246016 

122023936 

22-271 

7-916 

457 

208849 

1 95443993 

21-378 

7-703 

497 

247009 

122763473 

22-293 

7-921 

4S8 

209764 

96071912 

21-401 

7-708 

498 

248004 

123505992 

22-316 

7-926 

459 

210681 

96702579 

21-424 

7-714 

499 

249001 

124251499 

22-338 

7-932 

460 

211600 

97336000 

21-448 

7-719 

500 

250000 

125000000 

22-361 

7-937 

461 

212521 

97972181 

21-471 

7-725 

501 

251001 

125761601 

22-383 

7-942 

462 

213444 

98611128 

21-494 

7-731 

602 

252004 

126506008 

22-405 

7-948 

463 

214369 

9925284; 

21-517 

7-736 

603 

263009 

127263627 

22-428 

7-953 

464 

215296 

99897344 

21-541 

7-742 

604 

254016 

128024064 

22-450 

7-968 

465 

216225 

100544625 

21-564 

7-747 

505 

255025 

128787626 

22-472 

7-963 

466 

217156 

10119469fc 

21-687 

7-753 

506 

256036 

129554216 

22-494 

7-969 

467 

218089 

10184756:; 

21-610 

7-768 

607 

257049 

130323843 

22-517 

7-974 

468 

219024 

10250323^ 

21-633 

7-764 

508 

258064 

131096512 

22-539 

7-979 

469 

219961 

103161709 

28-656 

7-769 

509 

259081 

131872229 

22-561 

7-984 

470 

220900 

10382300( 

21-679 

7-775 

510 

260100 

132651000 

22-683 

7-990 

471 

221841 

104487111 

21-703 

7-780 

611 

261121 

13:1432831 

22-606 

7-996 

472 

222784 

105164048 

21-726 

7-786 

512 

262144 

134217728 

22-627 

8-000 

41173 

223729 

105823817 

21-749 

7-791 

613 

263169 

135006697 

22-649 

8-005 

474 

224676 

106496424 

21-772 

7-797 

514 

264196 

135796744 

22-672 

8-010 

475 

225625 

107171876 

21-794 

7-802 

616 

26ii226 

136590875 

22-694 

8-016 

476 

226576 

107850176 

21-817 

7-808 

516 

266256 

137388096 

22-716 

8-021 

477- 

227529 

108531333 

21-840 

7-813 

617 

267289 

138188413 

22-738 

8-026 

478’ 

228484 

109216352 

21-863 

7-819 

518 

268324 

138991832 

22-760 

8-031 

479; 

229441 

109902239 

21-886 

7-824 

519 

269361 

139798369 

22-782 

8-036 

480 

230400 

110592000 

21-909 

7%30 

620 

270400 

140608000 

22-803 

8-041 
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JSfo. 

Square. 

Cube. 

Square 

root. 

Cube 1 
root. 

No. 

■Square. 

i 

f 

Cube. 

Square 

root. 

Cube 

root. 

521 

271441 

141420761 

22 826 

8*047 

561 

314721 

176658481 

23-686 

> 8*247 

522 

272484 

142236648 

22-847 

8-052 

562 

315844 

177604328 

23-707 

8*262 

523 

273529 

143055667 

22*869 

8-057 

563 

316969 

178453647 

23-728 

. 8*267 

524 

274576 

143877824 

22*891 

8-062 

664 

318096 

179406144 

23*749 

8*262 

625 

275625 

144703125 

22-913 

8-067 

665 

319225 

180362125 

23-770 

8*267 

526 

276676' 

145531676 

22-935 

8-072 

566 

320356 

181321496 

23-791 

8*272 

527 

277729 

146363183 

22-956 

8-077 

567 

321489 

182284263 

23-812 

8-277 

528 

278784 

147197962 

22-978 

8-082 

668 

i 322624 

183250432 

23-833 

8-282 

529 

279841 

148035889 

23-000 

8-088 

569 

1 323761 

184220009 

23*854 

8-286 

530 

280900 

148877000 

23-022 

8-093 

670 

j 324900 

185193000 

23*875 

8-291 

531 

281961 

149721291| 

- 23*043 

8-098 

571 

j 326041 

186169411 

23-896 

8-296 

632 

283024 

150568768 

23*065 

8-103 

572 

: 327184 

187149248 

23-917 

8*301 

533 

284089 

151419437 

23-087 

8-108 

1 573 328329; 

188132617 

23-937 

8*306 

534 

285156 

162273304 

23-108 

8*113 

574 

329476 

189119224 

23-968 

1 8*311 

535 

286225 

153130375 

23-130, 

8*118 

575 

330625 

190109375 

23-979 

! 8*316 

536 

287296 

153990656 

23-152 

8*123 

576 

331776 

191102976 

24*000 

8*320 

637 

288369 

154854153 

23-173 

8*128 

577 

332929 

192100033 

24*021 

8*325 

5381 

289444 

165720872 

23-196 

8-1331 

678 

334084 

193100652 

24-042 

8*330 

539 

290521 

150590819 

23-216! 

8-138 

579 

1 335241 

194104539 

24-062 

8*335 

540 

291600 

157464000 

! 23-238 

8143 

580 

1 

336400 

196112000 

24-083 

8*340 

541 

292681 

158340421 

' 23-259 

8-148 

581 

337561 

196122941 

24 104 

8-344 

542 

293764 

159220088 

! 23-281 

8-153 

1 582 

338724 

197137368 

24-126 

8*349 

543 

294849 

160103007 

i 23*302 

8-168 

683 

339889 

1981iJ5287 

24-145 

8-354 

644 

295936160989184 

23*324 

8-163 

684 

341056 

199176704 

24-166 

8*359 

545 

I 297025 

161878625 

23*345 

8-168 

585 

342225 

200201625 

24-187 

8-363 

546 

298116 

162771336 

23 *3671 

8-173 

686 

343396 

201230056 

24-207 

8-368 

547 

299209 

163667323 

23-388 

8-178 

587 

344569 

202262003 

24-228 

8-373 

548 

300304 

164566592 

1 23-409 

8-183 

688 

345744 

203297472 

24-249 

8-3 

549 

301401 

165469149 

23-431 

8-188 

589 

346921 

204336469 

24-269 

8-382 

550 

302500 

166375000 

23*452 

8-193 

590 

348100 

206379000 

24-290 

8-387 

551 

303601 

167284161 

23*473 

8-198 

591 

349281 

206425071 

24-310 

8-392 

552 

304704 

168196608 

23-495 

8-203 

592 

350464 

207474688 

24-331 

8-397 

553 

306809 

169112377 

23-516 

8-208 

593 

351649 

208627857 

24*352 

8-4CJA 

554 

! 306916 

170031464 

23-537 

8-213 

594 

352836 

209584584 

24*372 

8*406 

555 

308025 

170953876 

23*568 

8-218 

595 

354025 

210644876 

24-393 

8*411 

556 

309136 

171879616 

23*580 

8-223 

596 

355216 

211708736 

24-413 

8*416 

557 

310249 

172808693 

23*601 

8-228 

597 

356409 

212776173 

24*434 

8-420 

558 

311364 

173741112 

23*622 

8-233 

598 

357604 

213847192 

24-464 

8-426 

569 

312481 

17467^879 

23*6431 

8*238 

599 

358801 

214921799 

24*474 

8-430 

560 

313600 

176616000 

23 *6641 

8-243 

600 

360000 

216000000 

24*496 

8*434 
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No. j Square. Cube. 


Square 

root. 


Cube 

rnnf 


|No. (Square. Cube. 


Square C\ibe 
root. root. 


601 .361201 217081801 24'515 8-439 

602j 362404 218167208 24*536 8'444| 

603 363609219256227 24*556 8'448| 

604 364816 220348864 24*576 8*453 

6051 366025 221445125 24*597 8*458 

606| 367236222545016 24*617' 8*462 

607i 368449223648543; 24*637 8*467 

608i 369664 224755712 24 658 8*472 

609! 370881 225866529, 24*678 8*476 

6101372100 226981000 24*698 8*481 

611 37332 2280991311 24*718 8*483| 

612 374544 229220928 24*739 8*490 

613 376769 230346397i 24*759 8*49.5 

614, 376996 2314755441 24*779 8*499 

616, 37822/ *2326083751 24*799 8*504 

616! 379456 2337448961 24*819 8*5091 

^7 380689|2.34885113 24*839 8*513 

618 38192' 2.36029032 24*860 8*518| 

619 3a3161237176659 24*880 8*522 

6201384400 238.328000 24*900 8*527 

621 385641 23948306ir 24*920 8*532! 
62 .386884 240641848 24*940 8*536 

623 388129 241804367 24*96(1 8*.54l 

624, 389376 242970624, 24*980 8*545 

625 390625 244140625! 25*000 8*550 

6*26 391876 24.5314376 25*020 8*554 

27 393129|246491883 25*040 8*559 

28 394384 247673152 25*060 8*564 

629 .395641248858189 25*080 8*568 

6301 396900 250047000 25*100 8*573 

631 398161 251239591' 25*120 8*577 

632 399424 252435968, 25*140 8*582 

ftl3 400689253636137 25*159 8*586 

634 401956 254840104' 25*179 8*.591 

6.36 403225 256047876 25*199 8*595! 

636 4044962572694561 26*219 8*600 

637 4057692584748631 26*239 8*604 

638 407044259694072 25*259 8*609, 

639 408321 260917119! 25*278 &pl3 

840 409600 262144000 25*298 8*618| 


641 410881 26337472 1 26*318 8*622 

642 412164 264609288! 25*338 8*627 

643 413449265847707 26*36 8*631 

644 414736 267089984! 25*37 8*636. 

646 416025 2683361251 25*397i 8*640 

6461417316 269586136,' 25*41 8*646. 

647 418609 2708400231 25*436 8*64» 

648 419904 272097792 25*456 8*653 

649; 421201 273359449 25*47/ 8*658- 

650 4225001274626000 25*495 8*662 

651 423801 2^5894461 26*515 8*667 

652 425104 277167808! 25*534 8*671 

653i 426409 278446077 25*664 8*676- 

654 427716279726264, 26*673| 8*680 

656 429025 281011376 26*593 8*686. 

656 430336 2823004161 26*612 8*689* 

657 431649 283693393 25*632 8*693 

658! 432964 284890312 26*652| 8*698- 

659| 434281 286191179 26*671 8*702 

660 43.56fX) 287496000 26*691 8*707 

661 i 436921288804781 26*710 8*711 

662 438244290117628 26*729 8*715 

663 439569 291434247 25*749 8*720 

664 440896 292754944 25*76^ 8*724 

665 442225294079625 26*7881 8*729^ 

666 443556295408296 25*80 8*733 

667 444889296740963 26*82(: 8*73T 

668 4462i 4 29807763 26*846 8*742 

669 447661 299418309| 26*866 8*746- 

670; 448900|300763000 26*884 3*750 

671 450241 302111711 25*904| 8*755 

672 4516843034644481 26*923 8*759* 

673, 452929304821217 26*942 8*763 

674 454276306182024: 26*962| 8*766 

676| 4,59625307546875 26*98! 8*772 

676 466976308916776 26*000 8*776 

677 458329310288733 26*019 8*781 

678 459684 311666752 26*038 8*785 

679 461041313046889 26*058 8*789* 

680 462400314432000 26*077| 8*794 



No. Square. 


Cube. 





681 463761 il5821241 
682* 4 >6424 317214668 

683 466489318611987 

684 467856 320013504 

685 469225 321419126 

686 470596 322828866 

687 471969 324242703 

688 473344 J26660672 

689 474721 327082769 

690 47610( 328509000 

691 47748J 329939371 

692 478864 131373888 

693 480249 332812557 

694 481636 334255384 

695 483026!335702376 

696 4844161337153536 

697 485809 338608873 

698 487204 140068392 

699 488601 341532099 

700 490000 143000000 


701 491401 

702 492804 

703 49420f 

704 495610 

705 49702£ 

706 498436 

707 499849 

708 501264 

709 502681 

710 504100 


144472101 

1145948408 

147428927 

148913664 

150402625 

151895816 

153393243 

154894912 

156400829 

357911000 


711 505521 359425431 

712 506944 360944128 

713 508369362477097 

714 .509796 363994344 

715 511225 366525875 

716 512656367061698 

717 514089 368601813 

718 515524 170146232 

719 516961 171694959 

720 51840( 373248000 


26096 

26116 

26-134 

26-163 

26172 

26-192 

26-211 

26-230 

26-249 

26*268 

26-287 

26-306 

26-325 

26-344 

26-363 

26-382 
26-401 
26-420 
26 439 
26-458 

26-476 

26-495 

26-514 

26-533 

26-552 

26-571 

26-589 

26-608 

26-627 

26-646 

26-665 

26-683 

26-702 

26-721 

26*739 

26-768 
26-777 
26-796 
26-81 < 
26-833 


8-798 721 619841374806361 
8*802 722 621284 376367048 
8 807 723 622729377933067* 
8‘811 724 624176379503424 
8-815 725 625626 381078125 

8-819 726 627076 382667176 
8-824 727 628529 384240683 
8-828 728 629984 385828352 
8-832 729 631441 387420489 
8-837 730 532^0 389017000 

8*841 731 534361 390617891 
8-845 732 636824 392223168 
8-849 733 537289393832837 
8-854 734 638756395446904 
8-858 735 540225 397066375 


8-862 736 641696 398688256 
8-866 737 543169 4003155.53 
8-871 738 544644 401947272 
8-875 739 546121 403583419 
8-879 740 547600 405224000 

8-883 741 549081 40G869021 
8-887 542 550564 408518488 
8-802 743 652049 4101'^2407 
8*896 744 653536411830784 
8*900 745 655025413493626 

8*904 746 556516415160936 
8 909 747 558609410832723 
8-913 748 559504 418508992 
8-917 749 561001420189749 
8-921 750 562500 421875000 


8-921 750 

8-925 751 
8-929 752 
8-934 763 
8-938 764 
8-942 755i 


751 564001423564751 

752 565504426259008 

763 567009 426957777 

764 568516428661064 
755 570025 430368875 


8-946 756 671536 432081216 
8-950 757 573049433708093 
8-955 758 574564'436519612 
8*959 759 576081437246479 
8-963 76(f| 577600438976000 


26-861 8*967 
26 870 8 971 
26*889 8*976 
26 907 8-979 
26*926 8*983 


26<944 

26*963 

26*981 

27*000 

27*019 

27*037 

27*065 

27*074 

27*092 

27*111 

27-129 
27-148 
27-166 
27 185 
27-203 

27*221 

27-240 

27-258 

27*276 

27-296 

27*313 

2f-331 

27-360 

27-368 

27-386 

27*404 

27-423 

27-441 

27-469 

27-477 

27-496 

27-514 

27-632 

27-560 

27-568 


8-988 

8-992 

8- 996 

9- 000 
9-004 

9-008 

9-012 

9-016 

9021 

9-026 

9-029 
9-033, 
9-037 
9 041 
9-046 

9-049 

9-043 

9-057 

9-061 

9-066 

9-069 

9-073 

9-078 

9-082 

9-086 

9-090 

9-094 

9-013 

9-102 

9-106 

9-110 

9-114 

9-118 

9-122 

9-126 


















































































































































































Cube. 
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No. Square. 


Square 

root. 


mmjf 


® No. 
root. 



OPi 

K 

as 


f 



C 




t 

* 

1 

V *11 1 

sS 

p 

■ 





[Im 


1 w 


' ¥ 




1 

■ 









n|Q 



1 

is 

1 













9 

■ 


1 




•y&iKK ilk 


^0117 EK i 

iii 

nil 


ft 


29-547 

29-663 

29-580 

29-697 

29-614 

29-631 

29-648 

29-6b5' 


9-439 881 776161 683797841 
9*443 882 777924 686128968 
9*447 883 779689688466387 
9-460 884 781466690807104 
886 783226 693164126 


886 784996 696606466 

887 786769697864103 

888 788644 700227072 
790321 702696369 

9-473 890 792100704969000 

9-476 891 793881 707347971 

892 796664 709732288 

893 797449 712121957 

894 799236 714616984 
896 801026 716917375 


802816 719323136 
804609 721734273 
806404 724160792 
808201726572699 
810000 729000000 

811801 731432701 

902 813604 733870808 

903 815409 736314327 

904 817216 738763264 
906 819025 741217626 

906 820836 743677416 

907 822649 746142643 

908 824464 748613312 

909 826281 751089429 

910 828100763671000 

911 829921 766058031 

912 831744 758550628 

913 833669 761048497 

914 835396763561944 
916 837226 766060876 

9*568 916 839066 768676296 
9*572 917 840889 771096213 
9-576 918 842724773620632 
9*679 919 844561776161669 
9*683 9210 846400778688000 


29-682 

29*698 

29*716 

29-732 

29-749 

29-766 

29-783 

29-799 

29-816 

29-833 

29-860 

29-866 

29-883 

29-900 

29-917 

29-933 

29-960 

29-967 

29- 983 

30- 000 

30-017 

30-033 

30-060 

30-067 

30-083 

30-100 

30-116 

30-133 

30-160 

30-166 

30-183 

30*199 

30-216 

30-232 

30-249 

30-266 
30-282 
32-299 ! 
30-316 1 
30*331 ! 




e 

root. 


! 9*686 
9-690 
i 9-694 
! 9-697 
I 9-601 

9-606 

9-608 

9-612 

9-616 

9*619 

9*623 

9-626 

9-630 

9-633 

9-637 

9-641 

9-644 

9-348 

9-661 

9*656 

9-668 

9-662 

9-666 

9-669 

9-673 

9-676 

9-680 

9-083 

9-687 

9-691 

9-694 

9-698 

9-^1 

9-706 

9-708 

9*712 

9*716 

9-719 

9-722 

9-726 
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9211 848241178122996^ 

922 85008^ 78377744, 

923 8519; 78633046 

924 853771 78888902' 

925 85561 79145312 

9261 85747 79402277< 

927 85932 796597981 

928 86118 79917875; 

929 86304 80176508 

930 864901 804357001 

931 ( 86676 80695449 
932i 86862' 80955756J 
933 87048! 81216623' 
934] 87235( 81478050^ 

935 87422, 1740037f 

936 87609( 20025856 

9^7 877966 2265695; 
938 879844 25293672 
939j 88172 2793601 

9401 883606 830584006 

941 885481 833237621 
942i 887364 835896888 
943 889249 138561807 
944, 891136 141232384 
9451 893025 843908625 

946i 894916| 146590536 
8969091849278123 
898704 1971392 

9491 900601 546703491 
950 9025001 57376000| 


Square 

root. 

1 Cube 
root. 

No, 

30*34“ 

9*72'' 

96*^ 

30*36 

9*73 

96 

30*38 

9*73 

96 

30*39' 

9*74 

96 

30-41 

9 * 74 ; 

96 

30-43 

9-74 

96 

30*44 

9-7 

96 

30-46 

9*76 

96 

30-4 

9-7- 

96 

30-49( 

9-76 

971 

30-61 

9-76' 

97 

30-52 

9-76, 

97: 

30*64< 

9*77 

97: 

30-66 

9*77, 

97' 

30*67 

9*77; 

97, 

30*694 

9-78: 

971 

30-61 

9*78f 

97 

30-62 

9-78! 

97 ; 

30*64i 

9*79: 

971 

30-65S 

9-796 

98( 

30-676 

9*79 

981 

30-692 

9*803 

982 

30*708 

9*806 

983 

30-726 

9-81( 

984 1 

30*741 

9-813 

986 

30-767 

9*817 

986 ! 

30*773 

9*82C 

98' ' 

30*791 

9*824 

988 

30*806 

9-827| 

98ii 

30*822 

9-83C 

99C ! 


bquare Cube 
root. root. 

31-00 
31*01 
31*03 
31 04 
31-064 

31-08 

31-09' 

31-11 

31*12 

31*14t 

31-16 

31*177 

31*193 

31-209 

31-226 

31-241 

31*257 

31-273 

31-28 

31-306 

31-321 

31-337 

31-363, 

31-369 

31-386 

31-401 

31-417 

31-432 

31-4481 

31-464 


951 904401 ;0085361 30-838 9-834 

^2| 906304 2801408! 30-854 837 

953 9082091 56523177 30-871 9-841 

954 910116, 18250664 30-887 9-844 

955 912025 0983875 30-903 9-848| 

966i 913936 3722816| 30-919| 9-861 

957 915849 6467493 30-936 9-865| 

958 917764 9217912 30-952 9-868 

969 919681 H974079 30-968 1861 

960 9216001 547360001 30*983 9*866 


991 182081 ^3242271 31*480 

)9; 984064 '6191488 31-496 

993 9860491 '9146657 31-612 

994 188036 2107784 31-528 

996| 196025 ^074876 31*644 

'96 192016 ,8047936, 31-669! 9-987 

997 1940091 1026973 31*676 9*990 

'98 '96004 94011992 31*691 9-993 

99 98001 17002699 31*607, 9-997 

100 00001 [000000000] 31-623 10*000 
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SquareSf Cuben, etc. of fracticmn. 


Number, 

N 

N'-* 

N--* 

N" 

N^' 


V 


Reciprocals 

rV 

•0039 

•00024 

) 

1 -000015 

•000001 

•25 

•3969 

1 

i-5 

16 

i 

•0156 

.0020 

•00024 

■000031 

•3536 

•5 

•595 

8 


•0352 

•0066 

•00124 

•000232 

•4330 

•5724 

•658 

5-333 

i 

•0625 

•0156 

•00391 

•000977 

•5 

•6300 

•707 

4 

1 4» 

•0977 

•0305 

•00953 

■00298 

•5590 

•6786 

•748 

3-2 

3 

y 

•1406 

•Q527 

■0198 

•00742 

■6124 

•7212 

•783 

2-657 

iV. 

*19]4 

•0837 

•0366 

•01601 

•6614 

•7591 

•813 

2-286 

i 

•25 

•125 

•0625 

•03125 

•7071 

•7937 

•849 

2* 

tV 

•3164 

•1780 

•1001 

•0503 

•7500 

•82,55 

•866 

1-778 


-.3906 

•2441 

•1526 

•0954 

•7906 

•8550 

•889 

1-6 

H 

•4727 

•3250 

•2234 

•1530 

•8292 

•8826 

•911 

1-455 

i 

•5625 

*4219 

•3164 

•2373 

•8660 

•9086 

•930 

1*333 

1 3 

re' 

•8602 

•5364 

■4359 

•3363 

•9014 

•9331 

•950 

1-231 


•7656 

•6699 

•5862 

•5129 

•9354 

•9565 

•967 

1143 * 

1 ^ 
r u 

•8789 

•8240 

•7725 

•7242 

■9682 

•9787 

•989 

1067 

1 

l-O 

1-0 

l-O 

1-0 

1-0 

1-0 

1-0 

10 


Table of Circumferences of Circles. 


Circumferences. 


Diam. 



' 







0 


i 


i 


i 

i 

0 

•0 

•3927 

•7854 

1-178 

1-670 

1-963 

2-366 

2-748 

1 

3-141 

3*534 

3-927 

4-319 

4-712 


5-497 

5-890 

2 

6*283 

6-675 

7-068 

7-46 

7-854 

8-246 

8-639 

9-i32 

3 

9-424 

9-817 

10-21 

10-60 

10-99 

11*38 

11-78 

12-17 

4 

12-66 

12-95 

1336 

13*74 

14-13 

14-52 

14-92 

16-31 

5 

16-70 

1610 

16-49 

16-88 

17-27 



18-45 

6 

18-84 

19-24 

19-63 

20-02 

20-42 



21-69 

7 

21-99 

22-38 

22-77 

23-16 

23-56 

23-95 

24*34 

24*74 

8 

2613 

26-52 

26-91 

26-31 

26-70 


27-48 

27*88 

9 

28*27 

•28-66 

29-06 

29-46f 

29-84 



31-02 

10 

31-41 

jgglll 

32-20 

32-69 

32-98 

33-37 1 

33-77 j 

34-16 
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Table oj Circumferences of Circles* 


« 

a 

ft 

C 1 rc u rn f eronc cs. 

0 

1 

1 

K 

* 

S 

H 


i 

1 

i 


li 

34-55 

34-95 

35 •3-1 

35-73 

30-12 

36-52 

36*91 

37*30 

12 

37-09 

38-09 

38-48 

38*87 

39-27 

39-60 

40*05 

40*43 

13 

40-84 

41-23 

41-02 

42*01 

42-41 

42-80 

43*19 

43*68 

J4 

43-98 

44-37 

44-76 

45*10 

45-55 

45 - 94 

46*33 

46-73 

15 

47- 12 

47 51 

47 - 90 

48 30 

48-69 

49-08 

49*48 

49*87 

10 

50 • 20 

50-05 

5 1 - 05 

51*44 

51*83 

52 - 22 

52*62 

53*01 

17 

53-40 

53 • 79 

54-19 

54*58 

54-97 

55-37 

55*76 

66*19 

18 

50*54 

56-94 

57-33 

57-72 

58-11 

• 58-51 

58*90 

59*29 

19 

59-09 

00-08 

00-47 

00 - 80 

01 20 

61-05 

62-04 

62*43 

20 

02*83 

63-22 

03-01 

04-01 

04-40 

64-79 

65*18 

65-58 

21 

05 • 97 

00-36 

00 - 75 

07-15 

67-54 

67*93 

68*32 

68-72 

22 

09-11 

09-50 

69-‘Kl 

70*29 

70-60 

71 -07 

71*47 

71*86 

23 

72*25 

72-64 

73-04 

73*43 

73 - 82 

74-22 

74*61 

76-00 

24 

75*39 

75 • 79 

70- 18 

70*57 

70-90 

77-36 

77-75 

78*14 

25 

78*54 

78-93 

79-32 

79*7] 

80 -10 

80*50 

80*89 

81 -23 

20 

81*08 

82-07 

82-40 

82*85 

83-25 

83*64 

84-03 

84*43 

27 

84*82 

85-21 

85 - 00 

80-00 

86-39 

80-78 

87-17 

S7-57 

28 

87-90 

88-35 

88-75 

89-14 

89-53 

89-92 

90-32 

w*7i 

29 

91 *10 

91-49 

91-89 

92-28 

92-07 

03-06 

93-46 

9J1-86 

30 

94-2.4 

94-64 

95-03 

95-42 

95 - 81 

90-21 

96-60 

96*99 

31 

97-4 

97-8 

98-2 

98-6 

99-0 

99-4 

99-7 

100*1 

32 

100 * 5 

100-9 

101-3 

101-7 

102 -1 

102-5 

102-9 

103*3 

33 

103 • 7 

104-1 

104*5 

104-9 

105-2 

105-6 

106*0 

106*4 

34 

106*8 

107-2 

107-6 

108-0 

108-4 

108-8 

109*2 

109*6 

mm 

110*0 

110-3 

110-7 

111*1 

111 -5 

111*9 

112*3 

112*7 

30 

113-1 

113-5 

113-9 

114*3 

114-7 

115*1 

115*5 

115*8 

37 

116-2 

110-6 

117-0 

117*4 

117-8 

118-2 

118*6 

119*0 


119-4 

119-8 

120-2 

120*6 

121-0 

121-7 

121*7 

122*1 

39 

122-5 

122-9 

123-3 

123*7 

124*1 

124-5 

124-9 

126*3 

40 

125-7 

126-1 

126-4 

126*8 

127-2 

127*6 

128-0 

128-4 

41 

128-8 

129-2 

129-6 

130*0 

180-4 

130*8 

131 -2 

131*6 

42 

131-9 

132-3 

132-7 

133*1 

133*5 

133-9 

134-3 

134-7 

43 

135-1 

135-5 

135-9 

136*3 

136*7 

137*1 

137*4 

137*8 

44 

138-2 

138-6 

139-0 

139*4 

139-8 

140*2 

140*6 

141*0 

45 

141-1 

141-8 

142-2 

142*9 

142-9 

143;.3 

143*7 

144*1 

46 

144-5 

144-9 

145-3 1 

> 145*7 

146-1 

146*6 

146*9 

147*3 

47 

147-7 

148-0 

148-4 

148-8 

149*2 

149-6 

160*0 

160*4 

48 

150-8 

161-2 

151*6 

152*0 

152*4 

1 S»*8 

163*2 

163*6 
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49 

153-9 

154-3 

154-7 

155-1 

155-6 

165-9 

156-3 

166-7 

50 

157-1 

157-5 

157-9 

158-3 

158-7 

169-0 

169-4 

169-8 

51 

160-2 

160-6 

161-0 

161-4 

161-8 

162-2 

162-6 

163-0 

52 

163-4 

163-8 

164-1 

164-5 

164-9 

165-3 

165-7 

166-1 

53 

166-5 

166-9 

167-3 

167-7 

168-1 

168-5 

168-9 

169-3 

64 

169-6 

170-0 

! 170-4 

170-8 

171-2 

171-6 

172-0 

172-6 

55 

172-8 

173-2 

173-6 

174-0 

174-4 

174-8 

176-1 

176-6 


Table of Arens of Circles. 


Areas. 


• 

a 

A 

0 

i 


i 


f 

i 

I 

0 

-00 

0-122 

•0490 

•1104 

•1963 

•3068 

•4417 

•6013 

1 

•7854 

-9940 

1-227 

1-484 

1-767 

2-073 

2-506 

2-761 

2 

3-141 

3-546 

3-976 

4-430 

4-908 

6-411 

5-939 

6-491 

3 

7-068 

7-669 1 

8-295 

8-946 

9-621 

10-32 

11-04 

11-79 

4 

12*56 

13-36 

14-18 

15-03 

15-90 

16-80 

17-72 

18-66 

6 

19-63 

-20-62 

21-64 

22-69 

23-75 

24-85 

26-96 

27-10 

6 

28-27 

29-46 

30-08 

31-91 

33-18 

34-47 

36-78 

37-12 

7 

38-48 

39-87 

41-28 

42-71 I 

44-17 

45-66 

47-17 

48-70 

8 

50-26 

61-84 

53-45 

55-08 

66-74 

65-42 

60-13 

61-86 

9 

63-61 

65-39 

67-20 

69-02 

70*89 

72-76 

' 74-66 

76-68 

10 

78-54 

j 80-61 i 

82-51 

»i-54 

86-69 

88-66 ' 

90-76 

92-88 

11 

95-03 

! 97*20 

99-40 

101*6 

103-8 

lOG-l 

108-4 

110-7 

12 

113-1 

|115-4 

117-9 

120-2 

122-7 

125-1 

127-6 

130-1 

13 

132-7 

il35-3 

137-8 

140-5 

143-1 

145 • 8 

148-4 

161-3 

14 

153-9 

1156-6 

159-4 

162-2 

165-1 

167-0 

170-8 

173-7 

15 

176-7 

|l79-6 

182-6 

185*6 

188-6 

191-7 

194-8 

197-9 

16 

iOi-1 

204-2 

207-3 

210-5 

213-8 

217-0 

220-3 

223-6 

17 

226-9 

230-3 

233-7 

237-1 

240-5 

243-9 

247-4 

250*9 

18 

234-4 

258-0 

261-5 

265*1 

268-8 

272-4 

276-1 

279-8 

19 

283-5 

1287-2 

291-0 

294-8 

298-6 

302-4 , 

306-3 j 

310-2 

20 

314-1 

:318-1 

322-0 

326*0 

330-0 

334-1 

338-1 

342-2 

21 

346-3 

i350-4 

354-6 

368-8 

363-0 

367-2 

371-5 

375-8 

‘>0 

4ttmt 

380*1 

;384*4 

388-8 

393-2 

397-6 

402-0 

406-4 

410-9 

23 

415-4 

1420-0 

424*5 

429-1 

433-7 

438-3 

443-0 

447-6 

24 

452-3 

|457-1 

461-8 

466-6 

471-4 

476*2 

481-1 

485-9 

25 

490 -9 

495-7 

500-7 

605-7 

510-7 

516-7 

520-7 

626-8 

26 

330-9 

538-0 

541-1 

546-3 

1561-5 

666-7 

562-0 

667-2 

27 

573-5 

577-8 

583-2 

588-5 

■)93-9 

599-3 

604-8 

610-2 

28 

il5-7 

621-2 

626*7 

63J-3 

63 7t 1 

543*6 

649*1 

654-8 

29 

660-5 

666*2 

671-9 

677-7 

683-4 

689-2 

696-1 

700-9 

30 

706/8 

j712-7 , 

718-6 

724-6 

730-6 

736-6 

742-6 

748-8 
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754-8 

804-2 

855-3 

907-9 

962-1 

1017-9 

1076*2 

1134-1 

1194-6 

1256-6 

1320-3 

1385-4 

1452-2 

1620-6 

1590-4 

1661-9 

1734-9 

l«09-6 

.1885-7 

1963-6 

2042-8 

2123-7 

2206*2 

2290-2 

2375*8 

2463-0 

2551-8 

2642-1 

2734-0 

2827-4 


760*9 
810-5 
861-8 
914*6 
0 








































Cireumferewe of Circles advancing by 
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AirtnnTY Table* 

Showing the Amount to which an Annuity of Be. 1 accumulating at Com* 
pound Interest will amount in from 1—60 years at various rates. 


No. of 
Years. 

3 

per cent. 

H 

per cent. 

4 

per cent. 

H 

per cent. 

6 

per cent. 

6 

per cent. 

1 

l-0000( 

Miii 


) l-0000( 

■■ 

1-00000 

2 

2'0300( 



) 2-0450( 

) 2-0500( 

2-06000 

3 

3*0909( 

) 3-10622 

3-1216( 

) 3-13702 

3 1625( 

3-18360 

4 

4-18362 

4-21494 

4-2464f 

1 4-2781S 


4-37461 

6 

5-30913 

5-36246 

6-41632 



6-63709 

6 

6-46840 


6-63297 

6-71689 


6-97531 

7 

7-66246 

7-77940 

7*89829 

8-01915 

8-14200 

8-39383 

8 

8-89233 

9-06168 

9-21422 


9-54910 

9-89746 

• 9 

10-15910 

10-36849 


■HhE 

11-02666 

11-49131 

10 

11-46387 

11-73139 


12-28820 

12-57789 

13-18079 

11 

12-80779 

13-14199 

13-48635 

13-84117 

14-20678 

14-97164 

12 

14-19202 




16*91712 

16-86994 

13 

15-61779 

16-11303 

16-62683 


17-71298 

18*88213 

14 

17-08632 

* 17-67698 

18-29191 

18-93210 

19-69863 

21-01506 

15 

18-59891 

19-29568 



21-57867 

23*27696 

16 

,20-15688 


21-82463 

22-71933 

23-65749 

26-67252 

• 17 

21-76158 


23-69761 

24-74170 


28-21287 

18 

23-41443 

24-49969 

25-64541 

26-85508 

28-13238 

30-90666 

19 

25-11686 

26-35718 

27-67122 



33-75999 

20 

26-87037 

28-27968 


31-37142 

33-06696 

36*78669 

21 

28-67648 


31*96920 

33*78313 

35-71926 

39-99272 

W 

22 

30-53678 


34-24796 



43-39229 

23 

32-45288 


36*61788 



46-99582 

24 

34-42647 

36-66662 


41-68919 


60*81657 

26 

36-45926 



44-56621 


54*86461 

26 

38-55304 

KTSTKTit]| 

44-31174 


61-11345 

69*16638 

27 

40-70963 

43-75906 

47-08421 

• 

60-71132 

64-66912 

63*70576 
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Annuity Table— concluded. 


Showing the Amount to which an Annuity of Re. l accumulating at 
Compound Interest will amount in from 1—50 years at 
various rates— concluded. 


No. of 
Years. 

1 

3 

per cent. 

1 ' 

H 

per cent. 

4 

per cent. 

per cent. 

5 

per cent. 

6 

Iiercet- 

28 

42-93092 

46*§9062 

49-96758 

53-99333 

68-40258 

68-62811 

29 

45-21885 

48-91079 

62-96628 

67-42303 

62-32271 

73-63979 

30 

47-57541 

51-62267 

56-08493 

61-00706 

66-43884 

79-05818 

31 

50-00267 

54-42947 

69-3283.3i 

64-75238 

70-76078 

84-80167 

32 

52-5027.5 

57-33450 

62-70146 

68-66624 

76-29882 

90-88977 

33 

55-07784 

60-34121 

66-20952 

72-75620 

80-06377 

97*.3431^5 

34 

57-73017 

63-45315 

69-85790 

77-03025 

1 

85-06695 

104*18376 

35 

60-46201 

66-67401 

73-65222 

81-49661 

90-32030 

111-43477 

36 

63-27594 

70-00760 

77-69831 

86-16396 

95-83632 

119-12086 

37 

66-17422 

73-46786 

81-702241 

91-04134 

101-62813 

127-26811 

38 

69-15944 

77-02889 

85-97033 

96-13820 

10*?-70954 

135-90420 

39 

72-234231 

! 

80-72490 

90-409141 

1 

101-46442 

114-09.502 

145-06845 

40 

75*40125 

84-65027 

95-02661 

107-03032 

120-79977 

. 164-76196 

41 

78-66329 

88-50953 

99-82653 

112-84668 

127-83976 

165-0476^i. 

42 

82-02319 

92-60737 

104-81969 

118-92478 

135-23175 

176-96064 

43 

85-48389 

96-84862 

110-01238 

125-27640 

142-99333 

187-60763 

44 

89-04840 

101-23833 

116-41287 

131-91384 

161*14300 

199-76807 

45 

92-71986 

106-78167 

121-02939 

138*84996 

169-70016 

212-74361 

46 

96-60145 

110-48403 

126-87066 

146-09821 

168-68616 

226-60812 

47 

100*39660 

116-35097 

132-94639 

163-67263 

178*11942 

241-09861 

48 

104-40839 

120-38826 

139-26320 

161-58790 

188-02639 

266-56462 

49 

108-54064 

126-60184 

145-83373 

169-85935 

198*42666 

272-96840 

50 

112*79686 

130-99791 

1 

162-60708 

178-60302 

c 

209-34799 

1 

290-33690 
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• Compound Intnbest Tablei 

Showing the sum to which Be. 1 will increase at Compound XrUereat during 
any number of years not exceeding 60 (compounded yearly). 


2^ 4 6 6 7 per 8 per 9 per 10 per 

[per cent, per cent [per cent percent percent, cent. cent. cent. cent. 


1-02600'1-03000C 1*040000 1*060000 1-060000 1*07C *080 1*090 MOO 

1*050631*06090( 1 081600 1*102500 1*123600 1*145 *1641 1*188 1*210 

1*076891*09272711*124864 1*15762 1*191016 1*226 *260 1*295 1*330 

1*103811*12560£ 1*169859 1*215506| 1*262477 1*311 *360 1*411 1*464 

1*131411*16927 1*21666; 1*27628! 1*338226 1*403 *469 1*638 1*607 

1*159691*1940521*2653191 1*340096 1*418619 1*601 -686 1*67 1*772 

1*188691*22 987- 1*315932 1*407100 1*503630 1*606 1*713 1*827 1*949 

8 1*218401*266776 1*368569, 1*477465 1*693848 1*719 1*860 1*992 2*144 

9 1*24886 1*304779 1*423312 1*651328 1*689479 1*840 1*998! 2*171 2*363 

10 1*280081*3439161*480244 1*628895 1*790848 1*968 2*168! 2*366 2*694 

11 1*312091*384234|1*539454| 1*710339 1*898299 2*106 2*330 2*580 2*864 

12 1*344891*426761 1*601032 1*795856 2*012196 2*263 2*517 2*910 3*139 

13 1*37861 1*468634[1*H)65074 1*885649! 2*132928 2*411 2*718 3*063 3*453 

14 1*41297 1*512590 731676] 1*979932 2*260904] 2*680 2*934 3*339] 3*798 

15 1*448301*667967] 800944 2*078928 2*396568] 2*761 3*170 3*639 4*178 

16 1*48461 f*6047061*872981 2*182876 2*64036: 2*965 3*432 3*£ 4*696 

17< 1*52162 1*6528481*947901 2*292018 2*692773 3*161 3*697 4*323 6*067 

18 1*559661*702433 2*026817 2*406619 2*854339 3*383 3*992 4*712 6*662 

1 

191 1*598661*753506 2*106849] 2*526960 3*025600 3*619| 4*311 6*136 6*117 

201 1*638621*8061112*191123 2*653298 3*207136 3*873| 4*666 5*598 6*730 

21 1*679681*860296 2*278768 2*785963 3*399564] 4*144 5*028 6*101 7*752 

' 

22| 1*7216' 1*916103 *369919 2*926261 3*603537 4*432 6*430 6*649 8*143 

23 1*76461 1*973687 *464716 3*071624i 3*819760 4*744 6*866 7*247 8*968 

24 1*80873|2*032794| *663304 3*225100 4*048936 6*077 6*333 7*900| 9*864 

I 

25 1*85394 2*093778] *666836 3*386366 4*291871 6*433 6*839 8*610 0*840 

26 1*90029 2*166691 *772470 3*666673 4*649383 6*813 7*386 9*393 2*48 

27 1*947802*2212891 *883369] 3*73»466 4*822346 6*220 7*977!10*230 3*11 
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COUPOUKD IHTBBBST TlBUB. 

Showing the sum to which Ee. 1 will increase at Compound Iniereot during 
any number of years not exceeding 50 (compounded yearly 


2^ 3 4 6 6 7 pe 8 pe] 9 per 10 per 

iper cent, per cent per cent |per cent, per cent, cent cent cent. cent. 

o 

^ _ 

l-99650|2-287928 2 998703 3*920129 6-111687 6*65 86*1 ll*160i 14 43 

29 2*046412*356666 3 118661 4*116136 6*418388 7*12 93*0 12*150 15*87 

30 2*09757|2*427262 3*2433981 4*321942 5*743491 7*6i 10*0 13*240 17*46 

31 2*150012*500080 3*3731331 4*538039 6*088101 8*15 10*8 4*43 19*21 

3*J 2*203762*575083 3*608059, 4*764941 6*463387 8*72 11*7 6*73 21*13 

33 2*25885 6523353*648381 5*003189 6*840590 9*33' 12*6t 7*16 23*24 

34 2*31532|2*731906 '7943161 5*253348 7*261026 9*99 13*7 8*69 25*67 

33 2*37321 2*813862 3 94608916*516016 7*686087 10*69 14*7( 0*37 28*12 

36 2*43254|2*898278 4 103933 6*791816 8*147252 11*44' 16*9i 2*20 30*39 

37| 2*493362*9852274*268090 6*081407 8*63608712*240 17*21 419 34*02 

ggl 2*555683*0747834*438813 6*386467 9*16426213*100 18*69| 6*99 37*43 

39| 2*619573*167027(4*616366 6*704751 9*70360714*020 20*07 8*75 41*17 

40 2*68506 3 262038|4*801021 7*03998910*28571815*000 21*681 1*33 46*29 

41 2*75219 3*3598994*993061 7*39198810*90286116*600 23*41 4*16 49*82 

42 2*821003*460696|5*192784l 7*76158811*66703317*170 26*28 *22 64*80 

43' 2*8915: [3*56451715*400495 8*14966712*25046618*380 27*34 1*67 62*29 

441 2*963813*6714625*616515 8*55715012*98548219*660 29*48 4*22 66*31 

45' 3*037003*7815965 841176 8*98500813*764611'21 *040 31*84 J*19 72*95 

46 * 3*1138 3*895044 6 074823 9*43425814*590487122*610 34*39 *53 80*24 

47| 3*191704*01189516*317816 9*905971 15*466917 24*080 37*14 '26 88*06 

48' 3*271494*132252 6*57052810*40127016*393872 25 770 40*11 *40 101*6 

49 ' 3*353284*2562196*83334910*92133317*37766426*340 43*31 *09 106*^ 

50* 3*437114*38390617*106683 11*467400 18*420154 29*5101 46*47' 13 117*6 

A=*Amouut. 

P=a Principal. 

n=number of years or period. 
r=ainterest on Rs. 1 for a given period, 

A=P(l-i-r)“aud — - . 

(l+r)“ 
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Tahlt of Compound Int&reat showing the sum to which Be. 1 will increase at 
compound interest during any number of years not exceeding 50 
{compounded half-yearly). 


No. of years. | 

3 per 
cent. 

4 per 
cent. 

5 per 
cent. 

6 per 
cent. 

7 per 
cent. 

8 per 
cent. 

9 per 
cent. 

10 per 
cent. 

1 

1-0301 

1-0404 

1-05063 

1-0609 

1-0710 

1-0816 

1-0915 

1-1025 

2 

r06125 

1-0820 

1-10381 

1-12509 

1*1480 

1-16986 

1*1921 

1-2165 

3 

1-09202 

1-1270 

1-15969 

1*19405 

1-2280 

1-265319 

1-3026 

1-3400 

4 

1-12603 

1-1709 

1-21840 

1-26677 

1*3160 

1-368569 

1-4224 

1-4774 

5 

1-15910 

1-2191 

1-28008 

1-34391 

1-4091 

1-48024 

1-55523 

1*6288 

6 

1-19320 

1-2692 

1-34489 

1-42576 

1-6092 

1-601032 

1-6954 

1-7958 

7 

1-2291 

1-3196 

1-41297 

1-51259 

1-6161 

1-731676 

1-8518 

1-9999 

8 

1-2662 

1-3731 

1-48451 

1-60470 

1-7321 

1-87298 

2-0217 

2-1829 

9 

1-3041 

1-4290 

1-55966 

1-70243 

1-8661J 

2-02581 

2-2072 

2-4066 

10 

1-3432 

1-4861 

1-63862 

1*80611 

1-9863 

2-19112 

2-4109 

2-6532 

11 

1-3835 

1-5403 

1-72157 

1-91610 

2*1271 

2-36991 

2-6318 

2-9252 

12 

1-4241 

1-6041 

1-80873 

2-03279 

2-2783 

2-56330 

2-8746 

3-2251 

13 

1-4681 

1-6731 

1-90029 

2-15659 

2-4410 

2-77247 

3-1374 

3*5566 

14 

1-5110 

r74fl 

1-99660 

2-28792 

2-6130 

2-99870 

3-4263 

3*9201 

15 

1-5491 

1-8113 

2-09757 

2*42726 

2-7991 

3-24339 

3-7417 

4*3219 

16 

1-603 

1*8351 

2-20376 

2-57508 

2*9971 

3-50805 

4-0854 

4-7649 

17 

1-6501 

2-0063 

2-31532 

2-73190 

3-2117 

3-79431 

4*4616 

6-2633 

*18 

1-7009 

2-0413 

2-45254 

2*89827 

3-4391 

4-10393 

4-8718 

6-7918 

19 

1-7518 

2-1226 

2-55568 

3-07478 

3-6837 

4-43881 

5-3191 

6-3854 

20 

1-8035 

2*2086 

2-68506 

3-26203 

3-9451 

4-80102 

6-8083 

7-0399 

21 

1-8573 

2-2971 

2*8210 

3-46069 

4-2263 

6-19278 

6-3429 

7-7616 

*22 

1-9134 

2-3914 

2-96381 

3-67145 

4-6251 

6-61616 

6-9267 

8*5571 

23 

1-9708 

2-4861 

3*11386 

3*89604 

4-8466 

6-07582 

7-6618 

9-4342 

24 

2-0290 

2-6873 

3-27147 

4-13226 

6-1917 

6-67062 

8-2664 

10-4012 

25 

2-0891 

2-6926 

3-4286 

4-3651 

6-6592 

7-0792 

9-0163 

11-4674 

26 

2-162 

2-8009 

3-6008 

4*630 

6*964 

7-6662 

9-8454 

12*6632 

27 

2-2165 

2-9148 

3-7836 

4*9116 

6*3772 

8-2991 

10-7561 

12*7361 
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Table of Oompownd interest showing the sum, to which Re. 1 will increase at 
compound Interest during any number of years nat exceeding 
60 {compounded half-yearly )— concluded. 


No, of years, j 

3 per 
cent. 

4 per 
cent. 

5 per 
cent. 

i 

0 per 
cent. 

7 per 
cent. 

> 

8 per 
cent. 

9 per 
cent. 

10 per 
cent. 

28 

2*2827 

3*0319 

3*7745 

5*2109 

6*8291 

8*7546 

11*7309 

15*391 8 

29 

2*3517 

3*1545 

4*1746 

5*5263 

7*3145 

9*6836 

12*8119 

16*9634 


2*J215 

3*2819 

4*3854 

5*8618 

7*8345 

10*4761 

14*0091 

18*7174 

31 

2*4915 

3*41451 4*596 

6*2163 

8*3908 

11*3265 

1.5*2909 

20*6365 

32 

2*5690! 3*5518 4*8419 

6*59.54 

8*9863 

12*24.5 

16*6908 

22*7454 

33 

2*6381 

3*G954| 5*0845 

i 

6*99.54 

9*6251 

13*246 

18*2375 

25*0729 

34 

2*7215 

3*8445 

5*3409 

7*4208 

10*3061 

14*328 

19*9095 

* 

27*6541 

35 

2*8050 

3*9991 

5*6109 

7*8708 

11*0285 

15*497 

21*7;iC2 

30*4818 

36 

2*8895 

4*1619 

5*8936 

8*3462 

11*826 

16*7.50 

23*7275 

33*6091 

37 

2*9751 

4*3291 

6*1918 

8*8554 

12*6671 

18*409 

25*9036 

37*0545 

38 

3*0653 

4*5045 

6*4891 

9*3936 

13*5661 

19*5961 

28*8025 

40*8.546 

39 

3*1561 

4*6863 

6*8327 

9*9654 

14 *.53 72 

21*1875 

30*8919 

45*0451 

40 

3*2514 

4*8753 

7*1781 

10*5721 

1.5*.5663 

22*9175 

33*7.3l7 

49*6633 

41 

3*3481 

5*0726 

7-5418 

11*2165 

16*6661 

24*7716 

36*8316 

54*74,55 

42 

3*4492 

5*2535 

7*9217 

11 *9081 

17*8451 

26*7917 

40*2231 

60*3741 

43 

3*5517 

5*4918 

8*3226 

12*6175 

19 1271 

28*9765 

43*9128 

66*5091 

44 

3*6581 

5*7127 

8*7463 

13*3831 

20*4781 

31*3354 

47*9517 

73*3819 

45 

3*7672 

5*9708 

9*1836 

14*1917 

21*9354 

33*8854 

52*3635 

80*9181 

1 

46 

3*8809 

6*1835 

9*6472 

15*0591 

23*4851 

36*6458 

57*1841 

89*2105 

47 

3*9975 

6-4334 

10*140; 

15*9765 

2.5*1591 

39*6372 

62*3451 

98*3541 

48 

4*1156 

6*6917 

10*6408 

16*9370 

26*9372 

42*8542 

68*1001 

108*541 

49 

4*2385 

6*9635 

11*1907 

17*9209 

28*86.54 

46*3454 

74*4441 

119*551 

50 

4*3654 

1 

7*2445 

11*7509 

19*0591 

30*9087 

50*1291 

81*281 

131*810 
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Table of Daily pay or allowance from 1 Rupee to 2,000 for a month of 

30 31 28 29 30 31 days. 


1 

1 

jO 

0 

7 0 

0 


0 

0 

6|0 

0 

G 

90 3 

3 

5' 3 

1 

3 

0 


2 

14 

5 

o 

|o 

1 

2 0 

1 

1 

0 

1 

10 

1 

1>I 

95 3 
100 3 

6 

3 ; 3 

4 

5 3 

2 

8 

3 

1 

0 


0 

1 

iro 

1 


0 

1 

7 0 

1 

7 

9 

2) 3 

7 

k* 3 

5 

4 

3 

3 

7 


0 

• 1 

30 

•> 

O 

:|0 

am 

20 

2 

1 

150 5 

5 

9 I 5 

2 

9' 5 

U 

0 

4 

13 

5 

0 

0 

•> 

1010 

o 

90 

2 

8)0 


7i 

200 i 7 

2 

3 6 

14 

4| 6 

10 

8 

f) 

7 

3 

() 

0 

3 

5 0 

3 

4 0 

3 

2j0 

3 

1 

2501 8 

14 

lOj 8 

9 

11 8 

5 


8 

1 

0 

7 

0 

4 

0 0 

3 

10 0 

3 

olo 

3 

7 

300'l() 

11 

5 10 

5 

ol 0 

0 

o| 

9 

10 

10 

8 

0 

4 

70 

4 

5 0 

4 

310 

4 

.>1 

--I 

35012 

8 

(t 12 

1 

lill 

10 

811 

4 

8 

9 


5 

2 0 

5 

0 0 

4 

lolo 

4 

8 

400|l4 


h3 

12 


5 

4! 

12 

14 


10 


5 

9 0 


6 0 

5 

4!o 



45oilG 


ilin 

8 


0 

0 14 

8 


la 


S 

70 

8 

3 

lo 

8 

0|0 

4 


50017 


9|17 

3 

10 16 

10 

816 

•> 


20 


11 

5 0 

11 

0|0 

If) 

8|0 

10 

4' 

1 

55oil9 

10 

3 ] IS 

15 

5 18 

5 

417 

11 

10 

25 , 

(1 

14 

3 0 

13 

100 

13. 

4,0 

12 

1)| 

600|2I 

6 

10j20 

11 

0 20 

0 

olio 

5 


30 

1 

1 

2 1 

0 

7 1 

0 

ojo 

15 

(>' 

1 

650,23 

3 

5122 

6 

7 21 

10 

8 I 2 O 

15 


35 

1 

4 

0 1 

3 

4ll 

•> 

1 

o 

mJ 

ll 

700,25 

0 

0|24 


2|23 


4 22 

9 

3 

40 

i 

6 

101 

•6 

111 


1 

4 

8i 

75026 

12 

7125 

13 

l(ll25 


024 

3 

1 

45 

T 

0 

V 

8 

10 

1 

8 

1 

7 

3| 

800|2S 

9 

2;27 


5j26 

10 

8|: 

25 

12 

11 

50 

1 

12 

71 

11 

/ 

1 

10 

1 

9 

lo! 

850 30 

5 

9129 


0|28 

5 

4i27 

6 

9 

55 

1 

15 

5 1 

14 

41 

13 

411 

12 


9()0'32 

a 

3!3I 

0 

7j30 

0 

0 29 

0 


00 

j 

a 

•> 

3:2 

1 

1 

a 

0 

oil 

15 


950'33 

14 

1o!32 

0 

li31 

10 

4 30 

10 


65 I 

# 

o 

mt 

5 

22 

3 

10 

"> 

2 

8|2 

1 

7,1000;35 

1] 

5 34 

/ 

9j33 

5 

4 32 

4 

2 

70 i 

•> 

8 

0j2 

6 

7 

2 

5 

42 

4 

2 , 1250:44 

10 

3 43 

1 

8l41 

10 

840 

5 

2 

75 1 

2 

10 

1012 

9 

5 

2 

8 

0|2 

6 

9 ; 1500,53 

9 

251 

11 

7;50 

0 

0 48 

6 

2 

80 

o 

13 

9|2 

12 

2 

2 

10 

2 

9 

3jl750'62 


060 

0 

6j5S 

5 

4 56 



85 

3 

0 

7 2 

14 

11 

o 

13 

2 

11 

10.2000|71 


0i68 

15 

6|66 

10 

864 






54 


1 


Table of Exchange giving value of £1 
exchange from Is. 3d. to Is. 9d 


in Rupees at different rates of 
. advancing by s^aud. 


Ex> Rupees. Ex¬ 
change. change, 


Rupees, Exchange, 


Rupees* Exchange. Rupees^ 


Sh. d. 

1 3 
1 3g^ 


1 

1 


1 

1 

i 

1 

X 

1 


1 

1 


1 

1 




i 

•1 


33^2 

3A 

Ui 

m 

13 

HS 

m 

I e 

3^1 


3SS 


m 

m 


!Rs. a. p. 

10 0 0 
15 15 5 

15 14 11 

15 14 4 

16 13 lOl 
16 13 4 

16 12 10 
16 12 3! 1 


Sh. d. 


m 


Rs. a. p 
16 3 


3|.f 16 2 1 

m 16 2 

3'i 116 1 1 


1 3^1 16 1 
1 3|^ 16 0 1 


3M 6 0 

4 16 0 


Sh. d. 

1 m 

m 

m 

m 

4|f 

Hi 

m 


IRs. a. p. Sh. d. 
14 7 lOj 1 
14 7 4 1 


m 

6H 


14 6 
14 6 


[4 

.4 


6 

6 


I 43^- '4 16 

Ifi 11 31 1 4* 4 16 

1 ® i® L ! «A 4 14 


m 


15 »0 6 | 

16 9 9 

15 9 2 

16 8 sl 
16 8 0 


16 7 

15 fl 8! 

16 6 3 




H\ 


d .« 


5T 


4 14 

4 13 
4 13 


m 

m 


4 6 

4 4 

4 4 
4 3 

4 3 
4 3 

14‘ 2 
14 2 


11 

6 

1* 

s! 

3; 

91 

4 

11 

01 

1 


^ Hi 

1 

Hi 

HI 

Hi 

1 Hi 

1 5^f 

Hi 

1 Hi 
1 Hi 


f m 

1 m 

* Hi 


5 4 91 

6 4 3 

6 8 9j 



4 

12 

( 

i 

1 

6 

14 

1 

1( 

J 


4 

12 

s 

4 

1 


14 

1 

6 

1 


4 

11 

10 1 


14 

1 

0 

1 

m 

4 

11 

4 

t| 1 


14 

0 

1 

Hi 

m 

4 10 
4 10 

11 

6 

1 

1 

Hi 

4 

3 

0 

16 

9| 

1 

1 


4 

10 

i 

0: 


Hi 

3 

16 


1 


4 

9 

71 

Hi 

13 15 

o| 

1 

*it lu 

9 

2| 


OxrV 

13 

4 

7! 


m 1 

^ V pp a 

J4 

8 

0 


Hi 

13 . 

14 

2 


HI I 

14 

8 

3] 

1 

«3^ 

13 

13 

91 



<« ’Z 

e« 


m 


R'S. a. p. 
13 13 4 
3 13 0' 

13 12 7 
3 12 2 

13 11 9 
13 11 6 

13 11 0 
13 10 7\ 

13" 10 3. 
13 9 10 

13 9 5 
13 9 1 

13 8 8 
|13 8 4 

13 7 11 
13 7 6 

3 7 2 
3 6 9 

3 6 6 

3 , 6 0 

3 6 8 
3 6 4 
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Table of Szebaiige (CioDOladed.) 


ifix. 

ehange. 

Rupees. 

Rz- 

ohaoge. 

Rupees. 

Ezobange. 

Rupees. 

1 

1 

• t 

Rupees. 

• 

CD 

d. 

Rs. 

a. 

P- 

Sb. 

d. 

Rs. 

a. 

P‘ 

Sh. 

d. 


m 

Sh. 

d. 

Re 

. a. 

P* 

1 


13 


11 

1 

8 M 

12 

12 

5 

1 

7H 

12 

B 

E 

1 

8 ^ 

11 

13 

4 

1 

6 A 

13 

k 

7 

1 

6 »* 

12 

12 

1 

1 

7M 

12 

4 

3 

1 

8 H 

11 

13 

0 



13, 

|4 

2 

1 

m 

12 

11 

9 

1 

7H 

12 

3 

11 

1 

m 

11 

12 

9 

1 


13 

3 10 

1 


12 

11 

5 

1 

m 

12 

3 

8 


8 H 

11 

12 

& 

1 

63 *^ 

13 

3 

6 

1 

6 ** 

12 

U 

1 

1 

7H 

12 

3 

4. 

1 

8 M 

11 

12 

2 

1 


13 

3 

I 

1 

m 


1 

9 

1 

7ff 

12 

3 

E 

1 

m 

11 

11 

10 

i 

6 A 

13 

2 

9 

1 


12 

1 

5 

1 

7« 

12 

2 

8 

1 

m 

11 

11 

7 


6 A 

13 

2 

4 

1 

7 

12 

10 

B 

1 

7H 

12 

2 

5 

1 

m 

11 

11 

3 

a 

BA 

13 

2 

0 

1 


12 

9 

Mr 

1 

m 

12 

2 

1 

1 


11 

11 

0 

1 

m 

13 

1 

8 

1 

7* 

12 

9 

E 

1 

7H 

12 

1 

9 

1 

8H 

11 

10 

8 

1 

6H 

13 

1 

4 

1 

7A 

12 

9 

m 

1 

m 

12 

1 

6 

1 

8H 

11 

10 

6 

t 

m 

13 

0 

11 

1 

7A 

• 

12 

8 


1 

7H 

12 

1 

2 

1 

m 

11 

10 

2 

1 

6** 

13 

0 

T 

1 

7A 

12 

8 

5 

1 

7H 

12 

m 

1 

m 

11 

9 

10 

1 

m 

13 

0 

3 

1 

7|?k 

12 

8 

1 

1 

7« 

12 


7 

1 

m 

11 

9 

7 

1 


12 

1$ 

11 

1 

7A 

12 

7 

9 

1 

7H 

12 


3 

1 

m 

11 

9 

4 



12 

15 

6 

1 

7A 

12 

7 

5 

1 

8 

12 


E 

1 

8|f 

11 

9 

0 

1 

m 

12 

15 

2 

1 

7A 

12 

7 

1 

1 

8^ 

11 

15 

8 

1 

m 

11 

8 

9 

1 

m 

12 

14 

10 

1 

71§ 

12 

6 


1 

8* 

11 

15 

4 

1 

m 

11 

8 

6 

ri 

,6M 

6Jf 

12 

12 

14 

14 

a 

2 

1 

1 

7« 

7H 

12 

12 

6 

6 

6 

2 

1 

1 

8/i 

8»1r 

11 

11 

15 

14 

1 

9 

1 

1 

m 

8M 

11 

11 

8 

7 

2 

11 

1 


12 

13 

9 

1 

7H 

12 


1 

8^ 

1> 

14 

6 

1 

8fl 

11 

7 

8 

1 

m 

12 

13 

5 

1 

74f 

12 

5 

6 

1 

8A 

11 

14 

2 

1 

8|f 

11 

7 

4 

a 

6|f 

12 

13 

1 

1 

74f 

12 

5 

2 

1 

85V 

11 

13 11 

1 

8|J 

11 

7 

1 

1 

m 

12 

12 

9 

1 

m 

12 

4 

11 

1 

8/1 

11 

13 

7 

1 

9 

11 

6 

10 











» 






1 
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WEIGHT AND STRENGTH OF MATERIALS. 

SQUARE AND ROUND STEEL. 

Weights in Lbs. per Lineal Foot and Areas in Square Inches. 


I Squ^e. I Round. 

Side 
or 

Diameter 
in 


143*65 42 26 



12-67 
14-18 
1690 
17 72 
19-63 
21-66 
23-76 
26-97 

28-27 

(W-68 

33-18 

35-76 


82-61 

86-69 

90-76 

96-03 

103-87 

m-09 
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'method for finding the weight of metals. 


Weight of metal in Iba. per yard==(area in sq. inches) X10. 

Example :—Find the weight of 1 inch diameter round bar of length one 
foot. 

ATea='7854 sq. inches. 

Weight per yard=7‘854. 

.'. Weight of one foot=7*864-~3=2‘618 lbs. 

Example (2). Find the weight of one foot length of Ti ron show j in the 
sketch. 

Area=(4+4)X J=(i)2=4‘-J«3-7o sq. inches. 

Weight per yard=37’6 lbs. 

„ per foot=12'5 lbs. 

Example (3). Find the weight of sheet iron ^ inch thick. 

Area of 1 foot length=12'X J = 6 sq. inches. • 

Weight per yard=s6() lbs. 

Weight per foot=20 lbs. 

In order to find the weight of other metals multiply the weight of iron by the 
following:— 

For Tin. Zinc. Lead. Brass, Copper. Steel. Aluminium. 

•94 *92 1-47 1-09 1-15 1-02 *34 

• METHOD OF FINDING THE WEIGHT OF A PIPE. 

Let D=internal diameter in inches, 

d=thickncss of pipe in inches 
then the weight in lbs, for 

Cast iron pipe per running foot =(D+d)xdx9’8. 

Wrought iron ,, ,, „ =(D+d)xdx 10*56. 

Brass „ „ • „ ,, =(D4-d)xdx 11-28. 

Copper „ „ „ „ =(D-fd)XdX 12-12. 

Lead ,, „ „ „ =(D+d) Xd X15-44. 

WEIGHT OF FLAT ROLLED STEEL IN LBS. PER LINEAL 


• FOOT. 


• 

Width 
in Inches. 

1 Thickness in inches. 

i 

A 

Tb 

1 

1 

7 

Te 


1 


1 

1 

• • * • • 1 

•850 


1-28 

1-49 

1-70 

213 

2-55 

2-98 

3-40 

.. li .. 

1‘06 

1-33 

1-59 

1-86 

2-13 

2-66 

3-19 

3-72 

4-25 

1^ 

1*28 

1-59 

1-91 

2-23 

2-55 

3-19 

3-83 

4-46 

5*10 

.. 1| .. 

1’49 

1-86 

2-23 

2-60 

2-98 

’3-72 

4-46 

5*21 

6-96 

.. .. 2 


2-13 

2-55 

2-98 


4*25 


5-95 


> • 2^ .. 

1-91 

2-39 

2-87 

3*35 

3-83 

4-78 

5-741 

6-69 

7-65 

2i .. .. 

2-13 


3 19 

3-72 

4-25 

5-31 


7-44 


• • 2J 

2‘34 

2-92 

3-51 


4-68 

6-84 


8*18 

9-35 





1 



1 
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WEIGHT OF FLAT ROLLED STEEL IN LBS. PEE LINEAL 

FOOT— concld. 


Width 
in Inches. 


.. 3^ 

.. .. 
.. 3i .. 

.. «* 4 

.. 4i .. 
4 J •. .. 

.. 4i . 



HIOKNESS ZK INCHES. 


7 5-95 



3*19 


7*05 9*56 

7*86 9-83 

8*08 10-09 
8*29 10-36 
8-50 10-63 

10- 89 

11 - 16 
11*42 

11- 69 
11*95 

12 - 22 
12*48 


3-83 

4-46 

6-10 

4-14 

4-83 

6-63 

4-46 

5-21 

6-95 

4*78 

6-58 

6-38 

6-10 

6-95 

6*80 

3*42 

6-32 

7-23 

6*74 

6-69 

7-66 





8-50 10*20 


7*44 

7*81 

8-18 

8- 55 

9- 93 
9-30 
9*67 



8*93 

9*67 

10-41 


8-50 10-20 



II-I61' 13-39 


13-28 16*94 
13-81 16*58 


17-21 


17*86 

18*49 

19-13 

19-76 

20*40 

21*04 


21*68/« 26*29 

22- 31 

22*95 

23- 50 
24*23 
24*86 

25- 60 

26- 14! 30-49 


10-20 

11-06 

11- 90 

12- 75 

13- 60 

14- 46 

16- 30 
16-16 

17- 00 
17-86 
18*70 
19*66 

20- 40 

21- 26 
22-10 

22- 96 

23- 80 

24- 66 
26-60 
26-36 
27*20 
28-06 
28-90 
29*76 

30*60 

31-46 



10*20 12*76l 15-301 17-861 20-401 26*601 30*601 36-701 40 

































































Weight of octagonal steel bars per foot in lbs. 


Diameter. 

Weight. 

Diameter. 

Weight, 

1 

Weight. 

Diameter. 

Weight, 

- 

Diameter. 

Weight. 

, i 

•044 

tV 

•275 

T } 

1'332 

II 

3-668 

If 

9-910 

k 


t 

•396 

■a 

1-586 

In 

4-405 

2 

11-276 

.1 


To 

•540 


1*861 

WM 

5-330 

2i 

14-271 

T<T 

W %7U 


•706 

■w 

2-158 

In 

6-.343 

2i 

17-618 



Th 

•892 


2-478 

In 

7*444 

2| 

21-318 

k 

•176 

f 

1-101 

H 

2-819 

H 

8-6Sf3 

3 

25-371 


Weight of a square foot of plates of different metals in lbs. 




Thick¬ 

ness 

Inches. 

1 

1 

Iron. 

1 

Stool. 

j 

Brass. 

• 

Copper. 

Lead. 

Zinc. 

Thick 

Inches. 

NESS. 

I^Iili- 

metres. 

1 

TS 



2-7 

2-9 

> ■ ’ 

3-7 

2-3 

•0625 

1-59 

i* 

6 


5-5 

5-8 

7-4 

4-7 

•125 

317 

n 

TTT 

7-5 

7-8 

8-2 

8-7 

11-1 

7-0 

•1876 

4-76 

i 

10 

10-4 

11-0 

11-6 

14-8 

9-4 

•25 

6-35 

'S 

T?r 

12-5 

13*0 

13-7 

14-5 

18-5 

11-7 

•2125 

7-94 

1 

15 

16-6 

16-4 

17-2 1 

22-2 

14-0 

•375 

9-52 

tV. 

17-5 

18-2 

19-2 

20-0 

25-9 

16-4 

•4375 

11-11 


20 

20-8 

21-9 

22-9 

29-5 ! 

18-7 

•5 

12-7 


22-6 

23*4 

24-6 

25-7 

.33-2 

21-1 

•5625 

14-29 

i- 

I 26 

26-0 

27-4 

28-6 

36-9 

• 23-4 

•625 

15-87 

u 

27-5 

28-6 

30-1 

31-4 

40-6 

1 26-7 

•6876 

1746 

i 

30 

31-2 

32-9 

34-3 

44-3 

28-1 

•76 

19-05 

U 

32-5 

33-8 

' 36-6 

37-2 

48-0 

30-4 

•8125 

20-64 

1 

1 35 

36-4 

38-3 

40-0 

61-7 

32-8 

•875 

22-22 

15 

37-5 

39-0 

41-2 

42 •« 

65-4 

35-1 

•9376 

23-81 

1 

' 40 

41-6 

43-9 

45-8 

69-1 

37-5 

1-000 

25-4 
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Weight of a square foot of sheet metal in lb., thickness standard u'ire 

gauge. 


S.W.G. 

Iron. 

1 






B 


BratiS. 

1 





16 

2-56 

2-60 

2-92 

2-80 

2 

iro4 

11-48 

12-59 

12-00 

17 

2 “24 

2-33 

2-55 

2-45 

3 

10-08 

10-48 

11-49 

iroi 

18 

1 -92 

2-00 

2-19 

2-lC 

4 

9-28 

9-05 

lO'OOi 10-14 

19 

1-60 

1-66 

1-82 

1 -75 

5 

8-48 

8*82 

9 07 

9-20 

20 

1-44 

1-50 

1-64 

1-57 

6 

7-08 

7-0\) 

8-70 

8-39 

21 

1-28 

1-33 

1-40 

1-40 

7 

7 04 

7-32 

8-03 

7-09 

22 

1-12 

i-io 

1'28 

1-22 

8 

0 40 

6-()0 

7-30 

6-99 

23 

0-96 

1 -00 

1-09 

1-05 

9 

5’70 

5-99 

0-57 

0-29 

24 

0-88 

0-92 

1-00 

0-95 

10 

5’12 

5-32 

r)-84 

5-59 

25 

0-80 

0-83 

0-91 

0-87 

11 

4-01 

1-83 

5-29 

5-07 

26 

-72 

0-75 

0-82 

0-79 

12 

4-10 

4-33 

4-74 

4-54 

27 

-050 

-082 

•748 

'IVi 

13 

3-68 

3-83 

4-20 

4-02 

28 

-592 

•010 

■075 

•647 

14 

3'20 

3 -33 

3-05 

3-50 

20 

•544 

•506 

•020 

•594 

15 

2-88 

3-00 

< 

3-281 

3-15 

30 

-490 

•516 

•565 

•542 


Weight of hoop iron per fodl ir lbs. 


I 


Breadth 

' r> 

1 S 

1 

.n 

4 

1 

1 in. 

1 

1 J 

li 

B. W. Gauge 

21 

] 

20 

19 

! 1 

18 

17 

lir- - - 

16 

Weight i>er lineal foot 

•0666 

•0875 

•1216 

•1636 

1 

•21 

I *27 

1 0 

Breadth 

H 


1! 

2 in. 1 

n 

n 

B. W. Gauge 

15 

15 

14 

13 

13 

12 

Weight per lineal foot 

A 

•33 

a 

•36 

•484 

•634 

•714 

1 

1 -91 
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Weight of corrugated iron shetis. 


B. W. G. 

Size of sheets. 

Weight 
of rool 
ing 

per 100 
' ready, 
lappagos 

sq. ft- 
includ' 

Square feet 
per cwt. 

i 

i 

1 

feet. 

cwt. 

qrs. 

lb. 


16 ..i 

6 X2 to 8X3 

3 

0 

14 

40 

18 

6x2 to 8X3 

2 

1 

6 

50 

20 

6x2 to 8x3 

1 

1 

2 

6 

62 5 

22 

6 x2 to 7 x2i 

1 

2 

7 

77'5 

24 

1 

6X2 to 7x2^ 

1 

0 

24 

94* 

26 

6x2 to 7x2^ 

1 

0 

* ( 

I08-6 


Notr. —(1) Corrujjated sheets are usually manufactured .^2'wide and 8'to 
10, long. 

The sheets whoa laid on the roof, overlap 6*^ on ends and two corrugations 
at the sides Ums allowing for lappage. 

All bolts, etc., should bo in the ridges and not in the valleys. 

In very exposed positions, and particularly with light gauge sheets, wind 
ties of flat iron or light angle iron are used along the entire length of the roof and 
held in position by means of purlin hook bolts. 

• 

Corrugated iron sheets should not bo built into gable and parapets, but 
should be bent up along the edges. , 

Deodar is said to destroy zinc, so that galvanized iron should not be laid 
directly in contact with it. 

In localities near the sea or in manufacturing towns, near chemical works, 
the galvanizing quickly disappears atnd the sheets become eaten through. In 
such cases they should be painted or tarred. 





VVECGHT OF 100 FEET RUNNING OF CORRUGATED IRON SHEETS IN CWTS. 
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Oorrugated Oidvanized Sheets. 
{Approximate weight in V>8. per sq. ft,). 


Gauge 

1 

18 

20 

22 

24 

28 

Without laps 

2-41 

1-85 

1*55 

1-29 

*96 

With 6 end lap, 1 corruga¬ 

tion side lap. 

273 i 

1 

2*09 

j 

1 75 

! 

1*46 

1*08 

With 6 ins. end lap, 2 comi 
tions side lap. 


2*33 

1-96 

! 1*62 

1*19 


N(de .—Galvanizing is a thin coating of zinc which protects the sheets from 
the action of atmosphere. 

The tables on p®'’^ (60*61) give the details of corrugated sheets. Those 
marked S. P. D. 0. ana B. are in common use. 


GALVANIZED CORRUGATED SHEETa 
32^ WIDE. 


GALVANIZED PLAIN 
SHEETS. 36'' WIDE. 


Approximate No, of sheets peb ton. 


Approximate No. of 
Sheets per ton. 


Size 

B.W.G. 

6' 

B 

8' 

9' 

10 ft. 
long, j 

Thick¬ 

ness 

B.W.G. 

Feet 
long 6. 

7 

8 

16 

! 

49 

1 

42 

37 

33 

29 

16 

49 

42 

37 

18 

62 

53 

46 

41 j 

37 

18 

62 

53 

46 

20 

79 

68 

59 

53 

47 

20 

79 

68 

6? 

22 

97 

83 

73 

66 

68 

22 

97 

83 

73 

24 

117 

100 

88 

78 

70 

24 

117 

100 

88 

26 

155 

133 

116 

103 

93 

26 

166 

133 

116 

28 

167 

143 

1 

125 

111 

^100 

28 

167 

143 

125 
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GALVANIZED ROOF FITTINGa 


Weight of Rivets— 

f^X 57 grods to 1 ewt 

rxF52 » „ 

rxr48 „ „ 

Bolts and Nuts— 

li'^Xi^ 24 gross to 1 cwt 
irxi'22 „ „ 

rxi"3l „ 

i^xi*32 •• „ 

Nails— 

2^' 22 gross to 1 cwt 

10 *> „ 

Soeews^ 

2y —24 gross to 1 cwfe. 

• 2^—21 
3"—16 


Hook Bolts— 

4 :" X tV''—5J gross to 1 cwt. 


4rXTV"—3 


tt 

5'^Xt'/-4J 

*» 

»» 

4"xr-4 

h 

tf 

4rxr— 


>1 

6'xr—3 

N 

*» 

Round Washers— 




For Rivets and Nails 57 gross 
to If cwt. 

Limpet Washers— 

57 gross to 1 cwt. 


Tin Sheeie. 

These are importedt from England, packed in boxes, which are numbered. 
Tlio details of which is shown in the following table:— 

IC=Common No. li lX=K>oss No 1. 

IXX=*2 Cross No. 1. D C—Common doubles. 

• I)X=Cro8s doubiesi SDC=*Small Common doubles' 

By carefully looking at the table it will be seen that the increase of one 
X, increases the weight of the box by 21 lbs. For example, if the weight of IX is 
1<^ lbs., then the weight of IXX will be 161 lbs. and that of IXXX 182 lbs. and 
so on. 

* Sheets are of two kinds— 

(a) Charcoal hnish, which is better quality, , 

(b) Coke finish. 

Example No. 1 0. 

The weight of 30^X20' box ehoidd not be less than 110 lbs* or more than 
114 lbs., and in no case should a single sheet weigh less than 15 ozs. or more than 
17 OBS. 



Liet of marks, tmtal sizes, weights, &c., of tin sheets. 



Mark* 


Size 

inches* 


;No. 

Size in a 
inches- box- 


Standabd 

Wejqht. 



IC 

IX 

IXX 

IXXX 

IXXXX i 

IC 

IX 

IXX i 
IXXX ! 
IXXXX ! 
IC I 
IX ! 
IXX 1 
IXXX 
IXXXX 
DC 
DX 
DXX 
DXXX 
DXXXX 
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ComparcUive wtiglUs of different metals, etc. 


1 

( 

i 

1 

1 

1 

1 

Cast iron. 

Wrought iron. 

; 1 

i 

1 

CQ 

Brass. 

Gun metal. 

Copper. 

Lead. 

Zinc. 

Tin. 

Oast n on 

1 

1 

1 

i*05 ' 

1*08 

1*16 

1*21 

] 

1 

1*21 i 

1*56 

; j 

0*99 

1 

1*003 

Wrought iron 

0*95 , 

1 1 

1 ro2 

1*10 

1*15 i 

1*16 ; 

148 

0*94 

0*95 

Steel .. I 

0-93 

0-98 

1 

1 

i 

1*07 

111 

1*12 j 

1*45 

0*92 

0*93 

Brass .. ; 

0'87 

0 92 

0 93 

1 

1*04 ' 

105 

! 1*36 

0*86 

0*87 

Gun-metal 

0*84 

0*88 

0*90 

0*96 

1 

1*01 : 

! 1*30 

0*83 

0*84 

Copper .. ! 

0 83 

0*87 

1 

0*89 

j 

0*96 

0 *99 ; 

1 

1*30 

0*81 

0*83 

Lead .. i 

0*64 

0*68 

; 0*69 

0*74 

0*77 , 

0 78 

1 

0*63 

0*64 

Zinc ..! 

1*01 

1*07 

1*09 

1*17 

1*21 1 

1*22 

1 1*68 

1 

roi 

Tin 

0*99 

1*05 

1 1*07 ' 

1*15 ; 

1 

1*20 

1*21 

1*56 

*98 

1 


Example .—A wrought iron sheet weighs 700 lbs. Find the weight of similar 
kind of sheet of gun-metal and lead. 

# 

Weight of gun-metal sheet=700 X 1.15 = 805 lbs. 

Weight of lead metal 8hoet=700 X 1.5 = 1»050 lbs. 

* Useful Data. 

. , , ui. • „ 5 Maximum weight 448 lbs. 

A rod of wrought u-on | _ Jenith 3(1 to 36 ft. 

fMaximum width=6 inches. 

Wrought Iron angle or T j 

\.Total of depth and width=8^ inches. 

« 

fMaximum weight 5 owt. or 560 lbs. 

AIT • u * j >» length =12 ft. 

Wrought iron sheets i ^ area=48 s. ft. 

„ width=4 ft. 

If the dimensions are increased» the cost will be more. 
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Buckled Plates. 


The resistance of square buckled plates bolted or riveted down all roundt 
is double the resistance of the same plate merely supported all round, and if the 
two opposite sides 1 e wholly unsupported, its reastance is reduced in the proportion 
of 8to5- 

The stiffness of buckled plates is as the square of the thickness, and inversely 
as the curvature. 

Two inches curvature suffices for 4 feet square and i inch thick. 

Ordinary plates are made 3 feet and 4 feet square. 

Weight and Sate Load of Iron Buckled Plates, 3 feet square. 


No. 

Thickness 

of 

MetaL 

« 

Weight 

in 

Lbs. 

Safe Load distributed in Tons. 

Passive, 

Impulsive. 

Per Plate. 

Per Sq. Ft. 

Per Plate. 


1 

ISb.wg. 

17'3 

•27 

*03 

•20 

•022 

2 

16 

23-6 

•43 

*048 

*32 

•036 

3 

12 

38-7 

*64 

•071 

*48 

•063 

4 

I in. 

46*0 

1*00 

*112 ' 

•75 

*083 

5 

1 <7 

67*6 

2*6 

*278 

1*7 

'189 

6 

i » 

90*0 

4*6 

•6 

3 0 

*333 

7 

1 ii 9f • • 

112 5 

6*2 

*689 

4*7 

•622 

8 

1 .. 

135*0 

9*0 

ro 

6*8 • 

*755 

• 


The safe load may be doubled for buckled plates of steel. 


GAS TUBING. 


Approximate Weight and Sizes. 




Nominal Bore, inches 

1 

n 

u 

IJ 

2 

:: 

11 

*116 

19 

9 

•144 

8 

•160 

8 

*160 

No. of Threads per inch (Whit- 

14 

mgm 

11 

11 

11 

worth). 






Weight per foot in lbs. 

ri8 


^ 2*62 

2*97 

4*48 
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Weight of Wrought Iron Oas-tvbing often used in wcUer-works per 1,000 lineal feet* 


! 

1 

Bore. 1 

i 

1 

Weight. 

Bore. 

I 

Weight. 

i 

1 

Bore. 

1 

i 

1 

Weight. 

j 

Inches. 1 

Cwt. 

Inches. 

Cwt. 

1 

Inches. 

Cwt. 

1 I 

2-6 

1 

16*0 

2i 

47*5 


1 3-66 

U 

22*5 


69*6 

i 

s , 

5*41 


26*5 

2f 

76*0 


7*77 

li 

36*0 • 

3 

82*6 


10*5 i 

2 

40*0 




Weight of Cast Iron Pipes in lbs. per lineal foot. 


Note- —Weight of two flanges may be taken=woight of one foot. 


Bore, Inches, j 




Thickness of Metal. 



3 

8 


T 

8 

i 

1 « 

1 

1 

i 

( 

H 

li 

‘> 

87 

12-3 

l6l 

20*8 

24*8 


1 

1 

■ 

• • 

• • 

3 

12*4 

171 

22*2 

29*4 

33*4 


.. 

• • 

4 

16-4 

221 

28*3 

35*1 

42*0 


• t 

• * 


19-8 

26-9 

34*4 

42*3 

50*6 

• « 

• • 

• • 

6 

23*4 

31*9 

40*6 

49*7 

59*2 

« • 

• • 

• • 

7 

271 

36*8 

46 7 

56*8 

07-8 

• • 

• • 

• • 

8 

30*8 

41*6 

62*8 

64-3 

76 4 

• • i 

• • 

m • 

9 

34*4 

46-0 

58-9 

71*7 

85 1 

• ■ 

• t 

• • 

10 

38-3 

51*4 

651 

79*0 

93*3 

1 

• • i 

• ■ 

• » 

^1 

42*0 

56*4 

71*0 

86*4 

101*8 


• • 

• • 

12 

45-7 

61 *5 

77*3 

937 

110*4 

127*4 

• • 

» • 

14 

63 1 

74*4 

89*6 

108*4 

127*5 

147*0 

• • 

• • 

15 

567 

76*3 

96-1 

116*7 

1361 

166*8 

177-7 


16 

60*4 

81 *2 

102 

1281 

1447 

166*6 

188-7 

« » 

18 

67*S 

91*0 

115 

137*9 

161-8 

186*2 

210-8 

• a 

20 

76-2 

101 

127 

163 

178-9 

205-8 

232-9 

260-3 

22 

82-6 

111 

139 

,168 

• • 

225-4 

254-9 

284-8 

24 

89-9 

121 

152 

183 

« 4 

245-0 

.I.,.—J.,.. 

276-9 

309*3 
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WeighJt of 9 feei lengths of flanged Cfut iron pipes. 


Pipe. 

Flange. 

Diame¬ 
ter of 
circle 

Holes. 

1 





1 

1 


through 



Weight. 


Bore 

i Thick- 

Diameterj 

Thick- 

hole- 

Diame- 

No. 





1 ness. 

1 

< 

ness. 


ter. 





In. I 

In. 

In. ; 

In. 

In. 

In. 


cwt. 

qrs. 

lbs 

2 i 

1 

! 

M 

ft? 

4i 

4 

4 

0 

3 

0 

a 

1 

74 

1 

6 


1 4 

1 

0 

3 

4 

h 

94 

i 

7| 

f 

4 

1 

3 

5 

6 

h 

104 

3 

« 

8^ 

4 

2 

1 

12 

6 1 

6 

H 

12 

4 

10 

f 

4 

3 

2 

1 

7 

o 

«■ 

14 

1 

U| 

f 

6 

4 

3 

17 

8 ' 

i 

15 

1 

12i 

1 

6 

5 

2 

9 

9 

£ 

1G4 

liV. 

144 

1 

6 

6 

1 

12 

10 

i 

17A 

i4 

154 

i 

6 

7 

0 

0 

11 

s- 

19 

i.'.. 

16£ 

1 

B 

S 

3 

24 

12 

1 

20 

li 

17£ 

i4 

B 

9 

.3 

.7 

13 

i 

21 

H 

18| 

i4 

6 

10 

‘> 

0 

14 

1 

22 

H 

19| 

14 

8 

11 

0 

26 

16 


23 

H 

20f 

i4 1 

8 

12 

0 

28 

16 

i 

244 


22 

KB 

8 

12 

3 

.7 

17 

1 

254 

1 

23 

Bib 

8 

13 

o 

17 

18 

1 

264 , 


24 


8 

10 

1 

15 

19 

1 

28 

U 

26 

BK 

8 

17 

2 

13 

20 

i 

29 

H 

26 

BH 

8 

18 

0 

26 


Nate .—Let t=t]iickness of pipe in inches. 
H=Head of water in ft. 
d=diameter of pipe in inches. 


then t =.26 + 


Weight of lead required for jointing cast iro9i pipes. 


o 

s . 

& <o 
a 

.gU 

P 

Thickness of 
lead. 

, 

Depth of fin¬ 
ished joint. 

Weight of 
lead per joint. 

Diameter of 
pipe. 

Thickness of 
lead. 

Depth of fin- 

iched joint. 

Weight of 
lead per joint. 

* 

In. 

In. 

! In. 

' lb. 

In. 1 

In. I 

In. 

lb. 

3 

i 

If 

24 

12 I 


24 

13 


i 

H 

H 

15 ' 


2i 

194 


4 1 

14 

6 

IS 

1 

22 

244 

6 


2 

74 1 

21 

^ [ 

2| 

28 

8 1 

_jlJ 

. 24 

10 1 

24 1 

_Li 

,?j— 

38 
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Weight of loraught-iron pipes, per foot run in lb. 


Bore. 

1 

Ifi 




i i 

1 * 

1 

1 

.1 

l !>■ 


»*> 

1 

1 



Ins. 

lb. 

1 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

; lb. 

i 

•21 

*5 

*9 

1*3 

1*9 

2*6 

3*1 

3*9 

1 

*29 

•66 

1*1 

1*6 

2*3 

3*0 

3*8 

4*6 

h 

*37 

*83 

1*4 

2*0 

2*7 

3*5 

4 *3 i 

5*3 

f 

■46 

1*09 

! 1*6 

2*3 

3-1 

3*9 

4*9 ; 

6*9 

i 

•54 

1*16 

1 1 

19 

2*6 

3*5 

4*5 

• 

6*5 1 

6*6 

8 

•62 

1*32 

2*1 

2*9 

3*9 

4*9 

6*1 j 

7*3 

1 

1 

1*49 

2*4 

3*3 

4*3 

6*6 

i 6-7 1 

7*9 

H 

•87 

1*82 

2*9 

3*9 

5*2 

6*4 

7*8 

9*3 

H 

1*03 

i 2*14 1 

3*3 

4*6 

6*0 

7*4 

9*8 

10*6 

If 

r2 

2*5 

3*8 

5*3 

6*8 

8‘4 

10*1 

11*9 

• 2 

1*36 

2-81 

4*3 

5'9 

7*6 

9*6 

11*3 

13*2 

2i 

1*53 

3*1 

4*8 

6 6 

8*5 


12*4 1 

14*5 


1-69 

3*47 

5*3 

7*3 

9*3 

11*4 

13 6 1 

16*9 

2| 

1-9 

3’8 

5*8 

7 9 

10*1 

12*4 

14 *7 j 

17*2 

3 

12*02 ( 

4 13 

6*3 

8*6 

10*9 

13*4 

16*9 1 

18'6 


W^ighl of copper pipes, per foot run in lb. 


Thickness in parts of an inch. 


Bore. 

t 

1 

1 1 

• : 

1 

1- 

! Tii 1 

Ins. 

lb. 

j 

lb. 

1 

1 lb. 1 

i 

*23 

*66 

! *99 : 

h 

*42 

*94 

1 1*66 : 


*62 

1*33 

i 2*17 : 

• 1 

*79 

1*70 

; 2*66 j 

n 

*99 

2*08 

1 3*26 I 

H 

1*15 ] 

2*44 

3*85 

li 

1*37 1 

1 2*84 

1 4*40 

2 

1 *55 

3*22 

i 5*00 

2i ! 

1*76 

3*69 

5*63 


1*94 

3*97 

I 6*18 

2i 

213 

4*35 

6 *»7 : 

3 

2*31 

4*73 

1 7*24 1 


I 



1 <» 1 

1 

1 

Vi. 

lb. 

! 

lb. 

lb. 

lb. 

1*51 

2*13 

2*83 

3*64 

2*27 i 

3*07 

3*97 

4*96 

3*02 i 

4*02 

6*11 

6*29 

3*78 : 

4*96 

6*24 

7*61 

4 *54 i 

I 5*91 

7*38 

8*94 

5*29 

> 6*a5 

8*51 

i 10*26 

6 05 

7*80 i 

9*64 

11*68 

6*81 

8*75 

10*78 

12*91 

7*66 

9*69 

11*92 

14*23 

8*32 

10*64 

13*06 

16*56 

9*08 

11*69 

14*19 

16*88 

9*84 

12*53 

16*32 

18*21 
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( 


Weight of brass pijpes, per foot run in 1b. 


Bore, 

Thickness in parts of an inch. 

J 

1 fl 

B 

t'v 

1 

1 

*1 

1 h 

i 


Ins. 

lb. 

lb. 

lb. 

i 

lb. 

1 - 

lb. 

lb. 

i 

*22 

*63 

*94 

1-43 

2 01 

2*68 

3*44 


*40 

*89 

1*47 

2*15 

2*91 

3*75 

4*70 

1 

‘58 

1*25 

2*01 

2*86 

3*80 

4*83 

5*95 

1 

*76 

i*ei 

2'56 

3*58 

4*70 

5*92 

7*25 

u 

'94 

r96 

3*09 

4*31 i 

5*64 

6*98 

9*46 

H 

112 

2*34 

3*67 * 

6*01 

6*49 

8*06 

9 71 

li 

1*33 

2*G6 

4*14 

5*70 

7*36 

9*11 

10*94 

2 

1*48 

304 

4*69 

6*44 

8*27 

10*20 

12*21 

2i 

j 

res { 

3*40 

6*23 

7*16 

917 

11*27 

13*46 . 

2i 

1*83 1 

3'75 

5*77 

7*87 

10*06 

12*35 

14*72 

2i 

2*01 

411 

6'31 

8*59 

10*96 

13*42 

15*97 

3 

2'19 

4 47 

6*84 1 

1 

9*31 

11*85 

14*69 

17*42 


Weight of lead pipes in lb. per foot run. 


Bore 

in 

inches. 

i 

Length 
in feet. 

W 

Common. 

J eight of each lengt 

1 Middling. 

h in lb. 

9 

Strong. 

Thick¬ 
ness in 
inches. 

lb. 

Thick¬ 
ness in 
inches. 

lb. 

1 

1 Thick- 
ness in 
inches. 

b. 

1 

15 

‘2 

16 

*29 

1 

! 22 

• • 1 

26 

1 

15 

• • 

24 

.. ! 

! 28 

• • 

36 

1 

15 

•11 

30 

*16 ; 

40 

T7 

46 

H 

12 

• • 

36 

1 1 

• • 

44 

• • 

63 

U 

12 

« • 

48 

4 • 

54 

• • 

70 

2 

10 

*17 

56 

*21 

70 

' *34 

83 

2| 

10 

• • 

70 

•• 1 

86 

• • 

100 


e 










Seamless brass tu'ies. 
Thichiess of metal. 


B. W. G. ! 5 


Inches. *220 *208 


Outside 

Diameter. 

In. |M. M. 


i 

n I 


2| I 
2 | ! 

3 

H 

4 


66*7 

69-3 

73*0 

76*2 

82*5 

88*9 

96*2 

101*8 




i 12*7 
I 15*9 
I 19*0 
f 22*2 
! 25-4 

I 28*6 
! 31*7 
: 34*6 
i 38*1 
41*3 
, 44-4 
47*6 
50*8 
64*0 
67*1 
60*3 


5*49 

6*81 

6*13 

6*46 

6- 78 
7*09 

7- 72 
8*36 
900 
9*63 


Weight in lb. per foot run. 


.. 1 *32 
.. *42 

•64 *51 


3*54 
3*80 
4*07 
4*32 
4*58 
4*84 
5*10 
5*37 
5*62 
5*89 
6*40 
6*92 
7*46 
7*97 1 


2*78 

3*02 

3-27 

3*50 

3*74 

3*98 

4*22 

4*45 

4*70 

4*94 

6*18 

5*41 

6*89 

6*37 

6*85 

7*32 


2*11 
2*32 
2*64 
2*74 
2*96 
! 3*17 
3*39 
3*61 
3*82 
4*04 
4*25 
4*46 
4*67 
4*89 
5*32 
5*76 
6*17 
6*60 


1*55 
1*74 
1*93 
2*13 
2*32 
2*52 
2*71 
2*91 
3*10 
3*29 j 
3*L9 
3*68 
3*88 
4*07 
4*26 
4*46 
4*84 
6*23 
6*61 
6*00 


1*28 1*00! 
1*44 1*12! 


1*60 1*241 *98 
1*76 1*36 1*07 
1*92 1*48, 1*17 
2*07 l-eOj 1*26 
2*23 1*721 1*36 
2*38 l*84l 1*46 
2*55 1*971 1*55 
2*7l! 2*08i 1*64 
2*861 2*20, 1*73 
3*021 2*33: 1*82 
3*18 2*44' 1*92 
3*33 2 * 59 ! 2*01 
3*50, 2*69|2*11 
3*66 2*80: 2*20 
3*97 3*05i 2*39 
4*28 3*29' 2*68 
4*60 3*62i 2*77 
4*91 3*77: 2-95 


•26 

•19 

•321 

•24 

*401 

* 8 

•46 

*34 

*64 

•39 

•61 

• • 

*67 

• • 

•75, 

• • 

•82 

• • 


I 1-12 0*96 1 0*74 1 0*64 0*50 ! 0*41 lo*27lo*16 0*lolo*06lo*03 


Note .—The above table is calculated on outside diameter. In case only 
internal diameter is known add the value of X as shown above in the weight 
given in the table. ^ 

Example .—The wieght of a Z*' pipe per ft. run and 10 B, W. G. is 
»4‘46+’41=4*86 lbs. 















74 


Standard steamf gas and waJtet-pijpe* 


Diameter in Inches. 

Thickness 
in inches. 

Length for 
one cub. ft. 

Weight per 
foot in lb. 

Internal. 

1 

1 Actual 
External. 

Actual 

Internal. 


•406 

1 

•27 

•068 

2613-0 

1 

0-24 

i 

•54 

•364 

•088 

1383-8 

0-42 


■675 

•494 

•091 

751-2 

0-66 

1 

•84 

•623 

4 

•109 

472*4 

0-84 , 

i : 

1-05 

•824 

•113 

270-0 

1-12 

1 

1-.316 

1-048 

•134 

166-9 

1-67 i 

4 

1-66 

1-38 

•140 

96-26 

2-24 i 

4 , 

1-9 

1-611 

•146 

70-66 

2-68 I 

2 

2-375 

2-067 

•154 

42-91 

3-61 

24 

2-876 

2-468 

•204 

30-1 

5-74 : 

3 1 

3-5 

3-067 

•217 

19-5 

7-64 ! 

3| 

4-0 

3-548 

•226 

14-67 

9-00 ’ 

4 

4-5 

4-926 

•237 

11-31 

10-66 i 

4.} 

5-0 

4-508 

•246 

9-02 

12-49 

5 

5-563 

5-045 

•259 

7-2 

14-50 ' 

1) 

6-625 

6-065 

•280 

4-98 , 

18-76 

7 1 

7-625 

7-023 

•301 

3-72 

23-27 ' 

8 

8-626 

7-982 

•322 

2-88 * 

28-18 

51 , 

9*625 

8-937 

•344 

2-29 

33-70 1 

10 

10-76 

10-019 

•366 

1-82 

40-nn 


Threads 
per inch of 
screw. 


27 

18 

18 

14 

14 


14 

14 

14 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 




Spikes, Nails and TAOKa 
Wrought spikes. 


Length. 

Number to a 
1601b 

keg of 

Lei^th. 

Number to 

a keg of 160 lb. 


1 » 

TS 

r 


,■5 » 

1 

// 

“ lb 


In. 

No. 

No. 

No. 

In. 

No. 

No. 

No. No. 

No. 

306 

256 

240 

222 

203 

180 

3 

3i 

4 

5 

6 » 

2260 

1890 

1650 

1464 

1380 

1292 

• • 

1208 

1135 

1064 

930 

868 

• • 

• • 

• a 

742 

570 

7 

8 

9 

10 

11 « 
12 

1161 

• • 

• • 

• • 

• • 

« • 

662 

635 

573 

m » 

• « 

• 9 

482 446 

455 : 384 
424 300 

391 ; 270 
•. I 249 
•• 1 236 
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Spikes and Nails. 


Standard Steel Wire Nails. 

Steel Wire S^ 

pikes. 

Num¬ 
ber per 
pound. 

Common Iren 
Nails. 

s 

CQ 

Length. 

Gcyrntfum, 

Finishing. 

Diameter. 

* Num¬ 
ber per 
pound. 

Diameter. 

1 

{Num¬ 
ber per 
jpound. 

. _ 

Length. 

Diameter. 

Size. 

Length. 

Num¬ 
ber per 
pound. 


i In. 

111. 


In. 


In. 

In. 



In. 


2 d 

1 1 

•0524 

1060 

•0453 

. 558 

3 

•1620 

41 

2 d 

J 

800 

y d 

: u 

•0588 

040 

•0508 

' 913 

3.’ 

•18l9 

:io 

3 d 


400 

4 d 


•0720 

380 

•0508 

761 

4 

•2043 

23 


H 

300 

;■) d 


'0704 

275 

•0571 

500 


'2294 

17 

5 d 

n 

200 

(j d 

2 

■0808 

21(> 

'0641 

3.50 

•> 

'2576 

13 


2 

150 

7 d 

1 ') 1 
-4 

•0858 

100 

•0641 

315 

5 A 

•289:5 

11 

7 d 

H 

-120 

8 d 

1 ^ 

•0035 

115 

•0720 

244 

0 

•2893 

10 

8 d 


85 

, 1) 

: 2f 

'0003 

93 

'0720 

195 

6 A 

■2849 

n 

9 d 

2| 

75 

10 (i 

* :i 

•1082 

77 

•0808 

137 

7 

■2294 

7 


3 

60 

12 d 

•U 

•1144 

00 

•0808 

127 

8 

•3648 

5 

12 d 

3i 

50 

l(j d 


'1285 

48 

•0907 

IK) 


•;1648 


10 d|;U , 

40 

2(» d 

! 4 

•1020 

31 

•1010 

62 

1 

1 



20 d\ 

4 

•_'{ 1 

;jn d 

I 4 2 

'1819 

22 

• • 

• • 

1 



30 d\ 

H 

16 

40 d 

1 5 

•2043 

17 

• • 

. • 

1 

» > 1 

• . 1 

1 

• • 

40 d. 

5 

14 

50 d 

i .H 

'2294 

13 

• ■ 

• , 

• • 


• • 

50 dl 

5i 

11 

Uw d 

>» 

1 

•2570 

1 

• • 


• • I 

* * i 

i 

• • 

60 d 

1 


8 


Tacks. 



1 

1 

1 

jNumber 

1 


f 

1 

1 

'Number 


1 

1 

Number 

Title 

{Length. 

1 per 

Title. 

Length. 

' per 

Title. 

Length. 

per 


i 

1 

pound. 



1 pound. 



pound. 

oz. 1 

In. 


oz. 

In. 


oz. 

In. 


1 

i 

16000 

5 

i 1 


16 

1 

1000 

u 


10666 

6 

•1 1 

lb 1 

•266.3 

18 

1 ft 

888 


i 

. 8000 

8 

s 1 
a 

j 2000 

20 

1 

800 



6400 

! 10 

11 

I'b 

i l6tK) 

22 

in 

727 

3 


53:13 

12 

i 

: 1:133 

24 


666 

4 

7 

1 H 

4000 

14 

• 

1 3 
fh 

1 

i 1143 

1 
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WeigU of 100 hoUs with square Heads and Nuts in lb. 


.iongth 

of 


Diameter of bolts in inches. 


^hank. 

i 

1\ 

1~G 

f 

iV 

i 

i 

■V 

d 

1 


1 

Inches. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 


4-0 

7-0 

10*5 

16-2 

22-6 

39-5 

63-0 

• • 

• • 

U 

4.4 

7-6 

11-3 

16-3 

1 23-8 

41-6 

66-0 

• • 

• • 

2 

4*8 

8-0 

12-0 

17-4 

25*2 

43-8 

69-0 

109-0 

163 

2 i 

6-2 

8-5 

12-8 

18*6 

26-5 

46-8 

72-0 

113-3 

169 

2 i 

66 

9-0 

13*5 

19-6 

27-8 

48-0 

75-0 

117-5 

174 

2 | 

6*8 

95 

14-3 

20-7 

29-1 

60*1 

78-0 

121-8 

180 

3 

6-3 

10*0 

160 

2 r 8 

30’6 

62'3 

81-0 

126-0 

185 

H 

TO 

11*0 

16*5 

24-0 

33-1 

66'5 

87-0 

134-0 

196 

4 

7*8 

12*0 

18*0 

26*2 

36*8 

60*8 

93-1 

142-5 

207 


86 

13'0 

19*6 

28*4 

38*4 

660 

99*1 

151-0 

218 

5 

9*3 

14*0 

21-0 

! 30-6 

41-1 

69-3 

105-2 

159-6 

229 

6 ^ 

10-0 

15*0 

22-6 

32-8 

43*7 

73-6 

111-3 

168-0 

240 

6 

10*8 

16*0 

24*() 

35-0 

46-4 

77-8 

117-3 

176-6 

251 ' 

6 i 

• • 

» • 

25-5 

37-2 

49-0 

82*0 

123-4 

185-0 

262 

7 

• • 

t « 

27*0 

39-4 

61-7 

86-3 

129-4 

193-7 

273 

n 

• • 

• « 

28-5 

41-6 

54*3 

90-5 

135-0 

202-0 

284 

8 

• • 

t • 

30-0 

43*8 

69*6 

94*8 

141-5 

210-7 

295 

9 

• • 

• • 

• • 

40-0 

64-9 

103-3 

153-6 

227-8 

317 

10 

• ■ 

• • 

• • 

48-2 

70*2 

111-8 

165-7 

244-8 

339 

11 

« • 

• • 

• • 

60*4 

75*5 

120-8 

177-8 

261-9 

360 

12 

• • 

• » 

• « 

62*6 

80*8 1 

128-8 

189-9 

278-9 

382 

13 

• • 

■ • 

• ■ 

• • 

86*1 i 

137-3 

202-0 

296-0 

404 

14 

■ • 

* • 

• • 

• • 

91-4 

146-8 

214-1 

313-0 ' 

426 

16 

• • 

• • 

« « 

% • 

96*7 

164-3 

226-2 

330-1 

448 

16 

• ■ 

• • 

« • 

• « 

102-0 

162-8 

238-3 

347-1 

470 

17 

• • 

• • 

• • 

• « 

107-3 

171-0 

250-4 

364-2 

492 

18 

• • 

• • 

« « 

• • 

112-6 

179-6 

262-6 

381-2 

614 

19 

• • 

« • 

m m 

• • 

117-9 

188-0 

274-7 

398-3 

636 

20 

• • 

• • 

« • 

• • 

123-2 

206-5 

286-8 

415*3 

558 

Per inch 
addi- 

m 

2*1 

3T 

4-2 

6-6 

8-5 

12-3 

16-7 

21*8 

tionaL 

■HI 










Example .—To find the weight of 100 bolts whose lengths :25 inches and 
diameter one inch. 

Weight s=668H-2r8 X 6=568+109 

=667 lbs. « 
















77 


CALCULATED WEIGHTS IN POUNDS OF WHITWORTH’S STANDARD 

BOLTS AND NUTS. 

Hexagonal Head and Nut. 


Diameter of Bolt in inches. 


Length of 
shank in 
inches. 



U i U' ! 4 I H 


•441 

•452' 

•403 

•484i 

•50rj| 

•528 

•549 

'571 

*593 

•015 

•037 

•058 

•089 

•702 

•724 

•745 

•767j 

•789 

•810 

•854 

•897 

•941 

•984 

1-028 

1-071 

1-115 

1-158 


•700 

•722 

•737 

•769 

•800 

•831 

•802 

•894 

•925 

•J5G 

•988 

1-019| 

1-059' 

1-081 

1-113 

1-144 

1-175 

1-297! 

1-238 

1-300 

1-363 

1-425 

1-488 

1-650 

1-013 

l-67«i 

1-739 


Weight in 
1394, -21641 


1-029 

1-050 

1-072 

1114 

1157 

1-199! 

1-242| 

1-284 

1-327 

1-369 

1-412 

1-455 

1-497 

1-640 

1-583 

1025 

1-607 

1-710 

1-753 

1-838 

1- 923 
2.008 

2- 094 
2-179 
2-264 
2-349 
2-434 
lbs. o:: 
•320Ji 


1-449 1-960 .. 

1-477 2-001' .. 

l-505’2-036j2 671j 
1-501 2-l07j2-768! 
1-616 2-177 2-845 
1-072 2-247 2-932 
1-727 2-31813-019 
1-783 2-388 3-lOu 
1-838 2-459 3 195 
1-893 2-529 3-280 

1- 950 2-600 3-367 

2- 005 2-670 3-454 
2-061 2-740 3-541 
2-116 2-810 3-627 
2-172 2-881 3-714 
2-228 2-952 3-801 
2-283 3-022 3-888 
2-339 3-092 3-976 
2-394 3-16 > 4-062 
2-506 3-305 4*236 
2-017 3*444 4-410 
2-728 3-585 4 584 
2-839 3-726 4-757 

2- 950 3-867 4 931 

3- 062 4-008 6-105 
3-173 4-149 5-279 
3-284 4-290 6-453 
one Nut. 

•46111-0379 -8511 


3-572 

3-678 

3-783 

3-888 

3- 993 

4- 098 
4-2041 
4-309, 
4-414' 
4-519! 
4-624' 
4-730: 
4-836| 
4-940 
6-045' 
6-266 
6-466 
6-676 
6-887, 
6-097, 
6-308 
6-618 
6-728i 


! 4-766 

4- 891 
6-016 
6-142 
6-267 

5- 392 

6- 617 

5- 642 

6- 767 

5- 893 

6- 0J8 
6-143 
6-268 
6-618 

6- 769 

7- 019 
7-270 
7-620 

7- 770 

8 - 021 
8-271 


1-076 1-391 


Weight in lbs. of Shank per 1 inch of length. 

•0139 -0313 -Obb?!-08691 -12521 -170.1 -5007 


I ' I I ' i I 

Weight In lbs. of Shank per 1 foot of length. 

10 / *376' *668 1-0431 1-6021 2-0441 2-670 3-38014*172, 6*049 6 008 
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Weight of Nuts and BoU Reads in lb. 


Diameter of bolt in inches 

i 

i 


1 

. 

1 


Weight of hexagon nut and head .. 

•017 

1 

•057 

•35 

•261 

•46 

•72 

Weight of square nut and head 

•021 

1 

•071 

•169 

•330 

•57 

i 

•9t> 

Diameter of bolt in inches . 

li 

n 

H 




Weight of hexagon nut and 1*07 1 

2*09 ; 

3-61 

5-7 

8-56 1 

17 

28-8 

head. 

Weight of square nut and head | 1’35 

2-63 

4*65 

7-2 

10-8 ; 

21 

31-3 


Let D=diameter of bolt in inches. 

W = weight in Jbs. of nuts and bolt heads, 
then W=l*07 X for hexagon 
and W=l*35xD'* for square. 

Weight per 100 of Square Head of Coach Screws in lb. 


Length. 

1 

J 

4 

diameter 

in inches. 

i 

7 

s 

1 

1 

1 


Inches. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

« 

1 

64 

- • 

. • 


• • 

- - 

Note —Weigho 

li 

74 

16 

■ • 

« • 


• • 

of screw is 

2 

9 

174 

32 

53 

* • 

■ • 

equal to 


11 

20 

36 

57 

• • 

• • 

weight of a 

3 

12 

23 

37 

614 

94 

128 

solid ba r, 

3^ 

13 

26 

414 

66 

100 

140 

diameter «= 

4 

15 

27i 

46 

704 

106 

154 

diameter of 

44 


294 

61 

77 

• • 

• • 

s crew — 

6 


314 

54 

80 

120 

168 

depth of 

6 


• • 

59 

89 

145 

186 

thread. 

7 


• • 

• • 

99 


208 


8 


• • 

• • 

113 


228 


9 


• • 

• « 

• • 


241 


10 


•• 


. . Q 


278 
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Weight and Strength of Iron BoUs. 


Ends E>'larg- 

ED. 

Ends not 
Enlarged. 

Breaking strain. 

Ends Enlarg¬ 
ed. 

Ends not 
Enlarged. 

Breaking strain. | 

Diam. 

of 

shank. 

Weight 
per foot 
run. 

j 

Diam. j Weight 
of j per foot 
shank, j run. 

i 

1 

Diam. 

of 

shank. 

Weight 
per foot 
run. 

Diam. 

of 

shank 

S' 

Weight 
per foot 
run. 

Inches. lb. 

Ins. 

1 

lb. 

tons 

Ins. 

lb. 

In-i. 

lb. 

Tons, 

\ 

•0414 

• 

1 • • 

•245 

li 

8-10 

2-14 

120 

45-7 

\ 

h 

•093 

w • 

1 

• • 

•553 

msm 


2-22 

12-9 

49*0 

i 

•160 

•35 

1 -321 

•983 

h 

9-30 

2-30 

13-8 

52-5 

t 

T 

■268 

•43 

; '452 

1-53 


9-93 

2-38 

14-7 

56*0 


•372 

•50 

1 •a54 

2-21 

2 

10-6 

2-45 

15 7 

59*7 

\ u 

•i5()6 

■58 

•897 

3-00 

0 > 

12-0 

2-59 

17*5 

63-8 

h 

•661 

•66 

114 

3-91 


13-4 

2-73 

19-5 

71*6 


•837 

•73 

1-41 

4-97 

l 

^ ■» 

14-9 

2-88 

21-6 

79*7 

• 

1*03 

■80 

1 1-67 

6-14 


16-5 

3-02 

23*9 

88*4 

1 

1 -26 

•88 

: 2*03 

7-42 


18-2 

:ti6 

26-1 

97*4 

i- 

1-49 

•96 

1 2-41 

8 -8:1 

0 3 
“"I 

20-0 

3-30 

28-5 

106-9 

n 

h 

1-70 

1-04 

1 2-81 

10-4 

o: 

21-9 

3-45 

31-1 

116*8 


2-03 

1-V2 

3 26 

120 

:i 

23-8 

3-60 

.33*9 

12''2 

1 "i 

) f* 

2-33 

1-20 

: 3-77 

13-8 

H 

27‘9 

3-86 

39-1 

141-0 

1 

2-66 

1-27 

! 4-27 

15-7 


32-4 

4-12 

44*4 

163-6 

1 , ‘.r 

2-99 

1-35 

4 77 

16-8 


37-2 

441 

51-0 

187-7 


3-35 

1-42 

1 5*28 

18-9 

4 , 

42-3 

4-70 

57*8 

213-6 

liv. 

3*73 

1-49 

’ 5-81 

211 


47-8 

4-98 


2270 

1 ! 

.4-13 

1-55 

6*39 

23-3 

H 

53-6 

5-25 

72-9 

2i>4*0 

hi 

4-o6 

1-64 

7-04 

25-7 

4}' 

59-7 

5-53 

80*6 

283-5 

h 

,i-00 

1-72 

7-74 

28-2 

•J 

66-1 

5-80 

88*1 

314-2 

ItV 

0-47 

1-80 

8-48 

30-8 

5i 

72-9 

6-08 

97-0 

324-7 

H 

6-96 

1-87 

9-20 

33-6 


80-0 

6*36 I 

106 

356-4 

1 

6*46 

1-94 

9-8S 

36-4 


87-5 

6*63 ’ 

116 

389-5 

h 

6*99 

2-00 

10-6 

39-4 

6 j 

95-2 

mm 

126 

424-1 

1 L 1 

1 TT.- 

7*.63 

2-07 

11-3 • 

42*5 

1 


1 


_ 


Note .—The above table can l)e used for bolts, tie rods, etc. 

Example .—Find the diameter of bolt to withstand a breaking stress of 52-5 
tons. 

The above table gives for ends onlargod 1|- inches and if ends are not en¬ 
larged 2*3 inches. 

Example .—Find the diameter of bolts to carry a safe stress of 52*5 tons 
with a factor of safety 3. Bro*jking stress =3 X52*5=lo7‘5 tons. The table 
giTes 3i inch(s and 4*12 inches. 
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Whitwobtm Stampabd Bolts and Nuts, S afe Load in Li 
iam. at^Area at Apphoximate Safe Load in Lbs, 


Diam. at Area at 
Bottom [Bottom 
of I of 
Thread.: Thread. 


At At At ! At 
:,000 lbs. 5,000 lbs. 6,000 lbs. 7,000 lbs. 8,000 lbs. 9,000 lbs. 
per Sq. | per Sq. per Sq. per Sq. per Sq. ' pet Sq. 
In. In. In^ In. 


Ins. 

0-134 

0-186 

0'241 

0-295 

0-346 

0-393 

0-465 

0-608 

0-671 

0-622 

0-684 

0-733 

0-795 

0-840 

0-942 

1-067 

1-162 


Sq. Ins. 
0-014 
0-027 
0-046 
0-068 
0-094 
0-121 
0-155 
0-204 
0-256 
0-304 
0-367 
0-422 
0-496 
0-654 
0*697 
0-894 
1*068 


Lbs. 

56 

108 

184 

272 

376 

484 

620 

816 

1,024 

1,216 

1,468 

1,688 

1,984 

2,216 

2,788 

3,576 



1-287 

I 1-299 

6,196 

n 

1-369 

1-472 

6,888 


1*494 

1-763 

7,012 

n 

1-690 

1-986 

7,944 

2 

1-720 

2-311 

9,244 


1-930 

2-926 

11,704 


2-180 

3-733 

14,932 

H 

2-384 

1 4-464 

17,866 

3 

2-634 1 

! 5-460 

21,800 


2-866 ! 

6-402 

25,608 

3i 

3-105 I 

7-563 

30,252 

3f 

3-320 ! 

8-673 

34,692 

4 

3-673 

10-027 

40,108 

H 

3*804 

11-366 

45,480 

H 

4-064 

12*908 

61,632 

H 

4*284 

14*404 

67,616 

5 

4-634 

16*146 

64,684 


6-012 I 

19-720 

78,880 

6 

5-487 i 

23-640 

94,660 1 


Lbs. 

70 
135 
230 
340 
470 
' 605 

776 
1,020 
1,280 
1,620 
1,835 
2,110 
2,480 
2,770 
3,485 
4,470 
6,290 
6,495 
7,360 
8,766 
9,930 
11,666 
14,630 
18,665 
22,320 
27,250 
32,010 
37,816 
43,365 
60,135 
66,826 
64,540 
72,020 
‘’0,730 
98,600 
118,200 


Lbs. 

84 

162 

276 

408 

504 


Lbs. 

98 

189 

322 

478 

628 


Lbs. 

112 

216 

378 

546 

762 


726 

850 

970 

1,090 

930 

1,086 

1,240 

1,396 

1,224 

1,418 

1,620 

1,824 

1,536 

1,792 

2,048 

2,304 

1,824 

2,126 

2,430 

2,734 

2,202 

2,569 

2,936 

3,303 

2,532 

2,954 

3,370 

3,800 

2,976 

3,472 

3,968 

4,464 

3,324 

3,880 

4,430 

4,990 

4,182 

4,880 

6,575 

6,270 

5,364 

6,250 

7,146 

8,035 

6,348 

7,400 

8,455 

9,510 

7,794 

9,030 

10,320 

11,610 

8,832 ' 

10,290 

11,760 

13,230 

10,618 i 

12,210 

13,950 

15,700 

11,916 ! 

13,900 

16,890 

17,875 

13,866 ' 

16,170 

18,480 

20,79i) 

17,566 1 

20,475 

23,400 

26,325 

22,398 ' 

26,125 

29.855 

.33,690 

26,784 

31,220 

35,680 

40,140 

32,700 

38,080 

43,520 

48,960 

38,412 

44,814 

61,216 

67,618 


46,378 

62,038 

60,162 

68,190 

77,448 

86,424 

98,876 

118,320 

l<tl,840 


57,940 

60,710 

70,190 

79,676 

90,366 

100.830 

113,020 

138,040 

165,200 


60,504 

69,384 

80,216 

90,960 

103,264 

116,232 

129,168 

167,760 

189,120 


68,0 6 ^; 
78,067 
90,240 
102,305 
116,172 
129,636 
145,314 
177,480 
212,760 
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Strength of Lead Pipes. 


Bore of pipe (Inches) 

i 

f 

i 

1 

U 


H i 

2 

Weight of pipe per foot 

lb. 1.33 

1.47 

1.87 

2.80 

4.33 

6.0 1 

1 

6.75 1 

8.0 

Safe pressure of water 

ft. 232 

183 

174 

181 

152 

140 ! 

i 

122 i 

1 

116 


Weight of Angle and Tee Iron in lb., per Lineal Foot. 


I Thickness in fractions of an inch. 

Breadths of 
flanges added 
(inches). 


2 

113 

1 

1 

i 1*46 

1*76 

1 

2*03 

• • 

1 

■ 

• • 

j 

1 

j 

• t 

1 

i 

1 

2 ^ 

1 21 

; 1*56 

1*89 

2*19 

« • 

• • 

• • 

( 

• •- 

2 i 

1-29 

i 1*67 

2*02 

2*34 

• • 

• • 

• • 

j * * 

• • 

24 

1*37 

1*77 

2*15 

2*50 

• • 

* • 

* • 

1 • * 

1 •* 

2 ^ 

1*45 

!' 1*88 

2*28 

2*66 

3*10 

1 

« • 

1 

• » 

2 ff 

1-52 

i 1*98 

2*41 

2*81 

3*19 

• • 

* • 

i • • 

1 •• 

2 | 

1-60 

! 2*08 

2*54 

2*97 

3*37 

1 

1 

• • 

1 

• « 

1 

1 

• • 

2 i ' 

1-68 

2*19 

2*67 

3*13 

3*66 

1 

1 

1 

• • 

1 

1 • • 

' ■ • 

* 3 

1-76 

2*29 

2*80 

3*28 

3*74 

4*17 

• • 

' • • 

• • 


1*84 

2*40 

2*93 

3*44 

3*92 

' 4*37 

• • 

1 • • 

• « 

3 i 

1*91 

2-50 

3*06 

3*59 

4*10 

, 4*68 

• • 

• • 

• • 

3 f 

1*99 

2*60 

3*19 

3*75 

4*28 

i 4*79 

• • 

• • 

• • 

31 

2*07 

2*71 

3*32 

3*91 

4*47 

6*00 

5*61 

• • 

• • 

. 31 

2*15 

2*81 

3*45 

4*06 

4*65 

5*21 

6*74 

• • 

■ • 


2*23 

2-92 1 

3*58 

4*22 

4*83 

6*42 

6*98 

i 

• • 

• t 

3 | 

2*30 

3*02 

3*71 

4*38 

6*01 

6*63 

6*21 

• • 1 

m m 

4 

2*38 

3*13 

3*84 

4*53 

6*20 

6*83 

6*45 i 

7*03 i 

m • 

4 ; 

2*46 

3*23 

3*95 

4*69 

6*38 

6*04 

6*68 1 

7 * 29 ; 

• • 

41 

2-64 

3*33 

4*10 

4*84 

6*66 

6*26 

0*91 

7*66 , 

• • 

41 

2*62 

3*44 

4*23 

6*00 

6*74 

6*46 

7*16 

7*81 1 

• • 

41 

2*70 

3*64 

4 * 36 , 

6*16 

6*92 

6*67 

7*38 

8*07 1 

J 

1 

8*74 


( ' JL 


•1 

! 

T ! 1 

r*. ! i 

1 

1 

1 <) 

h" 

1 (> 1 S’ 

1 
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Weight of Angle and T-iron. 

Add the width of flanges and see the result in the table per foot run. 

Example .—To find tlie weight of T-iron. 

Total of flange8=4-f3=7. 

The table gives 6‘97 Iba. for ,V' 

In case of channel iron divide into two equal parts and see the weight for 
angle iron of that dimension. 

Strength of Angle and T-iron. 


If S=Span in feet. 

I=Moment of Inertia. 

Y=Distance of neutral axis from furthest edge of the section. 

K=Co-efficient for each section. 

L=Safo load distributed in lbs. per ft. run including weight of iron. 
L=Total load in lbs. distributed over span. 
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! 6*6(j41 
5-0485 

2- 4234 

3- 6350 
2-8650 
2-1640 
1-7697 
1-2274 

•9838 

-8486 

•7031 

•5900 

•47911 

‘4163 

;347(5 

•1867! 

•1639 

•11001 

•07781 


2-816 
2-6731 
2-1731 
2-44 23 
2-4870 
2-0682 
2-1125 
1-6045 
1-7382 
1-7604 
1-7829 
1-3214 
1-3642 
1-3861 
1-4083 
0-9911 
1-0124 
1-0341 
1-0563 
1-0788 


14,750 

11,800 

11,062 

8,850 

14,102 

11,282 . 

10,576 ' 

8,461 

8,327 

6,662 

6,245 

4,996 

11,113 

8,890 

8,33 5 

6,666 

8,601 

6,882 

6,451 

5,161 

7,813 

6,250 

5,860 

4,688 

6,220 

4,976 

4,665 

3,732 

5,408 

4,326 

4,056 

3,245 

4,226 

3,381 

3,170 

2,536 

3,600 

2,881 

2,701 

2 , 16 e 

2,945 

2,356 

2,209 

1,767 

3,324 

2,667 

2,500 1 

2,00<! 

2,622 

2,098 

1,966 

1,573 

2.242 

1.794 

1,682 

7,345 

1,843 

1,474 

1,382 

1,106 

1,407 

1,126 

1,055 

844 

1,209 

967 

908 

725 

1,000 

800 

750 

t(K) 

777 

622 

583 

466 

538 

-130 

403 

326 


To lind tho value of K for those sections not givoa in the tabic. 
Let li Kj Dj be the values of requiied swtion 

then L =I x f ^^and -Kx 

* Example .-—Find the value of Jj and K| for a T-iron 4" x4''x 


Tho table gives I ~-41625 
and K = 2,242 \ 

44 

Ij = X-41625 =6-66 


for 2''x2"X 


and Ki=.7^ X 2242 = 17936. 





Thickness. 
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Weight of Steel Z-Bara in Ib.per foot. 


Size. 


Flange A Web. W Flange Bl 
A W B 


Size. 


K® ^ 


I [Flange A Web. W Flange B | 


In. I lbs. In. I In 

31 I 34*6 3 

3^7 32-0 3 

H 29-3 2; 

3.1. 26-0 * 3, 

3,\ 22-9| 3 3 

3^ I 28*0; 3 1 3, 

H 23-71 ^ 3 

3i I 20-9 3- 2j! 

3;* 26-4 3- 24 

3i; 22-6 f 2 I 

3tV. 18-9 ^ I 2| 

3^ 22-7 , 1 . I 3i 

20-2 v;7 3J 

17-9 2| 

2| I 14'2l I 2^ 

3g I 21-0. i 3-,'., 

3i I 17*8! J I 2{,‘ 

3i 15-8 f 

2}.': I 12-5 ..iUXA 


In. 

4 


3 

H 


iixi 


Specific Gravity. 


Weight of coal in the 


Weight of a c. tT of loose o~ 


SmaUooal- 



131-92 
130-59 
141 96 
146-76 
162-00 


lbs. 

18-3 

16-4 

13 - 8 

11 - 4 
15*6 

14 - 5 
13-9 

12 - 4 
12-4 
IM 
10-0 

9-7 

11-6 

10-3 

8-4 

8-4 

8-2 

6-7 

1-3 

4-6 
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Rolled Steel Channel, Z, and Floor Sections 
(Dorman, Long & Co.). 


9 Channel, Dimen- 


1 Sate load tons distributed I 


sions in ins. 

lbs. 

1 on spans of 






per 









foot 





E 

F 

G 

H 

run. 

5 ft. 

10 ft. 

15 ft. 

20 ft. 

4 

3 

i 

I’V 

16-36 

5-88 

2-94 




2 | 

To 


16-86 

7-48 

3-74 

. • 

• • 

6 

3 

f 

r« 

15-69 

8-73 

4-36 

• • 


7 

3 

i 


20*4 

12-40 

6-20 

4-13 


8 




23-79 

16-94 

8-47 . 

5-64 


10 

3 

I'h 

i 

T? 

22-49 

18-72 

9-36 

6-24 

4-68 

12 




30-6 


15-22 

10-14 

7-61 

1 Z Section. 







J 

K 

L 

"IT 






4 

3 

1 

1 

11-78 

4-52 

2-26 

■ • 

• 

r>* 

3 


1 

13-05 

6-18 

3-09 , 

• . 

• 

« 

H 

.3 

K 

1 

15-61 

9 -00 , 

4-50 ' 


• • 

8 1 


1 


18-15 

13-36 

6-68 1 

4-45 1 

• ■ 


CHA/intL 








Floor-Section 
Dimensions, inches. 

Per Sq. Ft. 

N 

• 

P 

Q • 

! 

1 

1 

s 

Wgt. 

lbs. 

Safe 

Load 

cwts. 

12 

4 

i 

i 

4 

13-4 

4*2*^ 

12 

H 

i 

n 

1 

4 

19-0 

5-6 

14 

5 

IG 

Th 

4i 

17-6 

6-2 

14 

5i 

I'fi 

i 

H 

23-1 

8-2 

19 

6 

1 

i 

H 

21-8 

8-7 

16 

H 


iV 

H 

28-0 

11-3 

20 

7 

TO 

Si 

6 

24-5 

11-2 

20 

n 

t 


6 

33-0 

15-9 

24 

9 

A 


n 

26-2 

15-8 

24 

n 


1 

n 

360 

22-3 

32 

12i 

1 


9 

40-5 

33-6 

32 

13 

1 


9 

51-8 

44*; 



*A^ote.—T ho &ufo load is in cwts 
per square foot for spans of 10 foet. 
For other spans divide the tabular 
number by one-tenth of the span 
squared. 
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Dimensions and Properties of I Beams (in inch units). 


Size 

Inches. 

1 

! Weight 

1 per 
i Foot 
lbs. 

f 

j 

1 Web. 

! Area 
FlangelSquare 
Inches. 

Moments of 
Inertia 

Kadii ot 
Gyration 
Inches 

Section 

Modulus 

About 

X-X 

About 

X-X 

i About 

1 Y-Y 

Abou 

X-X 

t About 
Y-Y 

24x7^ 

100 

•6 

1*07 * 29-4 

2654 

66*92 

9*5 

1 *5 

221-1 

20X7| 

! 89 

•6 

1*01 26^J7 

1670 

62-63 

7-99 

1*54 

167-0 

2()X6| 

65 

•493 

•79 ; 19*12 

1178 

27-40 

7*85 

1*20 

117-8 

18X7 

75 

*55 

•928 22-06 

1149 

47*04 

7*21 

1*46 

127-6 

18X6 

55 

•466 

•691 : 16*18 

806-3 

20-84 

7*06 

1-13 

89-59 

16X6 

62 i 

•55 

*847 ; 18*25 

725*7 

27*08 

6*31 

1-21 

90*71 

15X6 

59 ! 

•5 

•88 17*35 

628*9 

28*22 

6-02 

1-27 

83-85 

15X5 

42 1 

•42 

•647 12-35 

428- , 

11-81 

5-88 

•978 

57*06 

14X6 

57 1 

■5 

•873 , 16-76 

5.32*9 

27*96 

5*63 

1-29 

76*12 

14X6 

46 1 

*4 

■698 : 13*53 

440-5 i 

21-6 

5*7 

1-26 

62*92 

\2X6 

54 i 

*5 

•883 15*88 

1 

f 

375-5 

28-3 

4-86 

1-33 

62*58 

12X6 

44 ' 

•1 

•717 12-94 

315-3 

22-27 

4*93 

1-31 

52*55 

12X5 

39 ! 

■44 

■664 11-47 

260*9 1 

12*16 

4-77 

1*03 

43*48 

12X5 

32 : 

•35 

-.55 9-41 

220- ; 

9*763 

4-83 

l-Ol 

36*Jj6 

10X8 

70 1 

•6 

*97 i 20*6 

344-9 : 

71-67 

4-09 

1*86 

68-98 

10X6 

42 1 

•4 

*736 : 12*35 

211-5 ; 

22-95 

4*13 

1-36 

42-3 

10X5 

35 i 

•42 

•652 ; 10*29 

167-2 i 

11*89 

4-03 

1*07 

33-45 

10X5 

30 ' 

•36 

*5.52 8-82 

145*6 ; 

9*79 

4-06 

1*05 

29-12 

10X4*66 

25 i 

•3 

*491 ' 7*353 

122*7 ; 

6*778 

4*08 

•960 

24 .53 

0X7 

58 ' 

•55 

*924 17-00 

229-5 1 

46-3 , 

3-66 

1*64 

51-0 

^X^ 

23*5: 

■:i4 

*453 , 6*324 

83*41 1 

3*446 

3*63 

•738 

18*03 

9X4 


•3 

*46 ' 6*176 

81 J 

4*2 

3*62 

•824 

18*02 

8X6 

35 j 

*44 

*597 10-29 

110-5 ' 

17-95 

3-27 

1.-32 

27-62 

8X5 1 

28 1 

•35 

•575 ' 8*24 

89*32 1 

10*26 

3-29 

1-11 

22*33 

8X4 i 

18 i 

■28 

*402 i 5*294 

55‘69 

3*578 

3-24 

QC 

13-92 

7X4 

16 - 

•25 

•387 : 4-706 

39-21 

3*414 

2*88 

8-51 

11*2 

6X5 

25 

•41 

•52 7*35 

43-61 

9*116 

2*43 

1-11 

14-53 

6X4| 

20 I 

■37 

•431 ' 5*88 

34-62 

5*415 

2-42 

•959 

11*54 

6X2 

12 1 

•26 

•348 , 3-53 

20-21 

1-339 

2-39 

•616 

6-736 

6x4i 

18 : 

•29 

•448 1 5*29 

22-69 

5-664 

2-07 

1-03 

9*0i6 

5X3 

** 

•22 

•376 ; 3-235 

13-61 1 

1*462 

2*05 

•672 

5*444 

4jxl| 

6*5 

•18 

■325 i 1-912 

6*73 ' 

■263 

1-87 

•37 

2-833 

4X3 

9*5 

■22 i 

*336 [ 2*794 

7-52 

1*281 

1-64 

■677 

3-76 

4Xlf 

^ 1 

•17 i 

•24 j 1*47 

3-668 

•186 

1-58 

•355 

1-834 

3X3 

8*5 1 

•2 1 

•332 2*5 

3-787 ; 

1-262 

1*23 

•71 

2-524 

3XU 

4 ! 

•16 1 

•248 ; 1-176 

1-659 

•124 

1-18 

•324 

1-106 


Dorman, Long & Co. 
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Table of Manilla Rope of good guality. 


Circumference. Inches. 1 

1 



li 

2 2i 

t 

2i' 3 ,'3i 3* 

' .i ! _ 

1 

! 

Weight per yard. lbs. J 

Breaking strain Tons 0*35 

* 

1 

0-56 

1 

1 

■i 

1 

0*80 

1 

A 

Jh 

rio 

1 

1-4 1*8' 2-4 

1 

i 

1 1 

2*8 3-2 

1 

3*9 

H 

4*4 

! 

Circumference. Ins. , 3| 4 ' 4^ 

, 1 
. ' 1 

1 1 

4^1 4f 

1 1 

1 

5 54 

1 ^ 

1 

6 

« ^ 


1 

n 

8 

1 1 

AVeight per yard, lbs' 1^ 1 |t' 

Breaking strain. Tons , 5‘2 5‘8i 6'6! 

’ 1 1 

1 

7-4j 

1 ' 

2 2ii 2i 

8-0 9 0 iro 

1 

1 

31 

130 




m 

23*2 


Note .—The safe working load for Ropes is one-eighth of the breaking strain. 

Table of Manilla Ropes. 


Diam. 

Circ. 

Weight 
per ft. 

Brea] 

Ins. 1 

Ins. 

' lb. 

tons. 

!239 

I 

•019 

*25 

*318 

1 

■033 

*35 

•477 

H 

*074 

*70 

*636 

2 

•132 

1*21 

*795 


•206 

1*91 

:956 

3 

.297 

2*73 

1^1 

31 

*404 

3*81 

1*27 

4 

•528 

5*16 

1*43 

H 

*668 

6-60 

1*69 

6 

*826 

8*20 

1*75 

51 

•998 

9*80 



|Diani. 

Circ. 

lbs. 

Ins. 

Ins. 

560 

1-91 

6 

784 

2-07 

6i 

1568 

2*23 

7 

2733 

2-39 

71 

4278 

2*55 

8 

6115 

2*86 

9 

8534 

3*18 i 

10 

11558 

3*60 i 

11 

14784 

3*82 ' 

12 

18368 

4*14 i 

13 

21962 

4*45 

14 


Weight 

per ft. Breaking load. 


lb. 

tons. 

lb. 

119 

11*4 

25536 

1*39 

13*0 

29120 

1*63 

14*6 

327 4 

1*86 

16*2 

36288 

2*11 

17*8 

39872 

2-67 

21*0 

47040 

3*30 

24*2 

64208 

3*99 

27*4 

61376 

4*76 

30*6 

68544 

6*58 

33*8 

76712 

6‘47 

37*0 

82880 


The above table gives values for an average manilla ropes. Good Italian 
hemp ropes aie better than manilla ro^es but they are costly. 

Tar coal application to ropes makes them weak. 
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Horae.-'power of Manilla Ropes. 


Speed of Rope in feet per minute. 


Diam. 


Inches. 

1000 

1600 

2000 

j 2600 

3000 

3500 

4000 

4600 

6000 


- ' 

- 

— 

Horse- 

power. 

- - 

- - 



1 

If 

2f 

H 


H 


7 


9 

1 



6i 

8 

10 

11 

13 

15 

16 

H 



loj 

13 

15 

18 

20 

23 

26 

H 

n 

11 

16 

18 

22 

26 

30 

34 

37 

H 

10 

16 

20 

25 

30 

35 

40 

45 

50 

2 

13 

_12L 

26 

33 

39 

46 

62 

69 

65 


Approx, weight of ropes per yard=D‘^ lbs. whoro 


D=diameter of ropes in inches. 


Table of Weights of Ropes in lbs. per lineal yard. 


1 

Circum. 

Inches. 

Hemp. 

Wire. 

1 

Cironm, 

Inches. 

Hemp. , 

Common 

1 

Good. 

Iron. 

Steel. 

Common. 

1 

Good. 

1 

•09 i 

! *12 

•43 

•44 

4 i 

1-62 

2-17 

If 

•14 

•19 

•68 

•70 

4 i 

1-83 

2-43 

H 

•21 

•27 

•98 

TOO 

4 | 

2-03 

2-71 

If 

•28 

•37 

1-33 

1*36 

5 

2-25 

3*00 

2 

•36 

•48 

1*74 

1-78 


2-72 

3*63 

2 f 

•45 i 

•61 

2-20 

2-25 

6 

3-24 

4-32 


•57 

•75 

2-72 

2*78 

6 | 

3-81 

6*07 

2 f 

•68 

•91 

3-29 

3*36 

7 

4-41 

6*88 

3 

•81 

1 1-08 

3-92 

4-01 

n 

6-06 

6-75 

3i 

1 *96 

1-27 

4-69 

4-70 

8 

5-76 

7-68 

3 f 

1 110 

1-47 

6-.33 

5-45 

8 ^ 

6*63 

8-67 

3f 

1 1*27 

1-69 

6 * 12 

6-26 

9 

7-29 

9 - 7 g 

4 

i 1*44 

1-92 

6-96 

7-12 

10 

9-00 

12-00 


Hemp and Iron Wire Ropes. 

Rule for finding the weight and strength of hemp ropes. 
Let C=circumference of rope in inches. 

VV=s weight of rope in lbs. for 1 yard. 
thonW^C^xi 

S=Breaking weight in maunds=C^X f 
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Table of Working Strength of Ropes in Tons, 


Circum. 

Inches. 

Hemp. 

Wire. 

Circum. 

Inches. 

Hemp. 


Good. 

Iron. 

Steel. 

i ! 

Cbmmon. 1 

j 

Good. 

1 

•032 

•046 

•29 

•45 


•578 j 

•831 

U 

•060 

•072 

•45 

•70 


•648 I 

•932 

4 

•072 

•104 

•65 

1-01 

4i 

•722 ' 

1-038 

l| 

•098 

•141 

•89 

1-38 

5 

•800 ' 

1*160 

2 

•128 

•148 

1-16 

1-80 

OJ 

•968 ; 

1-392 

2i 

•162 

•233 

1*47 

2-28 

6 

1-162 i 

1-656 

2^ 

•200 

•288 

1*81 

2-81 

er 

1-352 

1-944 

H 

•242 

•348 

2-19 

3-40 

7 

1-568 1 

2-264 

3 

•288 

•414 

2-61 

4-05 

4 

1-800 ' 

2-688 

H 

•338 

•486 

3-06 

4-75 

8 

2-048 1 

2-944 

H 

•392 

•564 

3-55 

5-51 

8J 

2*312 

3*324 

3i 

•450 

•647 

4-08 

6-33 

9 

2-592 

3-726 

4 

•512 

•736 

4-64 

7*20 

10 

8*200 i 

4*600 


Weight and Strength of Wire Ropes. 


Rope of 133 Wires (19 wires in a Strand). 


Trade 

No. 

Diam. 
inches. • 

Circum. 

inches. 

Pounds 
per foot. 

Breaking 

Iron. 

load, lbs. 

Cast steel 

1 

2i 

6| 

8-00 

1,48,000 

2,60,000 

O 

4J 

• Q 

6 

6-30 

1,30,000 

2,00,000 

• 3 

h 


6*25 

1,08,000 

1,66,000 

4 

H 

5 


88,000 

1,28,000 

5 

4 

4i 

3-65 

78,000 

1,10,000 

H 

1^ 

4| 


66,000 

• • 

6 

u 

4 


64,000 

78,000 

7 

H 

34 


40,000 

60,000 

• 8 

1 

H 

1-68 

32,000 

48,000 

9 

i 

2f 


23,000 

40,000 



H 

0*88 

17,280 

26,000 


1 

2 


10,260 

18,000 



If 

0-44 

8,540 

13,000 


i 

H 

0-35 

6,900 

11,000 

HIGSiil 

1 

_ li- 

0*26 

6,000 

• • 


Breaking strain dl steel wire ropes=C® X6 maunds. 
W=Weight=0 X iV 
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Weight and Strength of Wire Ropes —concld. 


Rope of 4:9 Wires (7 Wires to a Strand). 






Breaking 

loads, lbs. 

Trade 

Diam. 

Circum. 

Pounds 


No. 

inches. 

inches. 

per foot. 







Iron. 

Cast steel. 

11 

4 


3*37 

72,000 

1,34,000 

12 

4 

4 

2*77 


1,10,000 

13 

H 

3| 

2*28 


90,000 

14 

n 

3-^ 

1-82 



15 

1 

3 

1-50 

32,000 

60,000 

16 

1 

2| 

1*12 

24,600 

44,000 

17 


n 

0*88 

17,600 

34,000 

18 

H 

2k 

0*70 

15,200 

27,0(HJ 

19 


n 

0*57 

11,600 

20,000 

20 

■| 

4 

0*41 

8,200 

16,000 

21 


n 

0*31 

5,660 

12,0(M» 

22 

7 

i 6 

H 

0*23 

4,260 

• , 

23 

f 

4 

019 

3,300 

8,01W) 

24 

f 

1 

0*16 

2,760 

6,000 

25 

i 2 

7 

« 

0*125 

2,060 

• • 


Safe strength=5, to ^ of breaking strength 
Let C=Circumforenco in inohes, 

the Breaking Strength in tons :— 


for ropes used in ships =*20C2 
Twisted ropes = ‘280^ 

Wire ropes = 1 *4C2 

Steel wire rope =2‘50 2 


Example .—Find the circumference of a wire to carry a stress of 10 tons with 
factor of safety of 6 

Breaking strength=slO X0=60 tons=1*4 C2 
.•.C=6*6 inohes. 
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Weight and Strength of Hemp and Wire Rope. 


Circumference. 

Iron wire 
rope. 

1 

1 

11- 

1 Ph 

I'S. ^ 

^ i-2P ? 

% i ® ^ 

H 

! 

Steel wire 
rope. 

Hemp rope. 
(Hawser). 

Hemp rope. 
(Shroud). 

Hemp rope. 
(Cable). 

cd 

ta 

<Si 

H 

u 

&0 cS 

•gj >> 

-d 

ed 

O 

r 

50 

u 

o 

Ck 

'T3 
^ 53 

W) 

■d 

cd 

O 

s 

H 

1 

\ 

® 

1 Cl4 
+3 d 

;-ci S 

' tiD «J 

1 

d’ 

ea 

■*-> 

X 

® 

H 

1 

1 

' f-i 

1 ® 

A 

! ■ 

1? d 

1 bo cd 

i ^ 

1 !> 

1 

1 

Ins. 



Ton. 

lb.s. 

Ton. 


Ton. 

\ 

b lbs. 

Ton. 

1 lbs. 

t 

•> 

•30 

•17 

•45 

•18 

• , 


, , 

i 

4 4 


1 

4 4 

\ 

•45 

•28 

•68 

•28 



4 • 

■ • 


i 

1 

•75 

■49 

113 

•51 

•25 

•13 

•20 

•12 


i 

li 

100 

•75 

1-50 

•78 

» • 


• • 


4 • 



1-65 

1-03 

2-33 

1-06 

•55 

•25 

•44 

1 -25 

• 4 

4 4 

n 

2-30 

1-50 

3-45 

1-54 

• • 


• 4 


• • 


md ■ 

3-00 

! 1*94 

4-50 

1*75 

1-100 

•5 

•80 

•49 

•64 

■32 

n 


1 2-37 

6-00 

2-44 

• • 


• • 

\ 

1 • • 



n 

4-50 

! 2-87 

6-75 

2-94 

1 -55 

•75 

1-24 

i *73 

•99 

•48 

2 i 

5-50 

i 3-5 

8-25 

3-60 

. • 


4 4 

1 • - 

* , 

4 • 

3 

710 

1 4-25 

10-65 

4-37 

2-25 

ro 

1-80 

! -97 

J -44 

•64 


8-00 

i 4-5 


4-63 

• • 


4 • 

1 

1 


. 4 

3^ 

9-35 

i 5-4 

14»02 

5-56 

3-05 


2-44 

1-46 

1-95 

'96 

H 

10*0 

' 5-75 

15-00 

5-92 

, « 


« • 



4 4 

4 

11-8 

6-65 

17-70 

6-8 

4-00 

1-87 

3-20 

1-82 

2-56 

1-20 

4^ 

15-8 

1 8-9 

23-70 

9-16 

4-50 

2-34 


2-30 

2-88 

1-52 

5 

18-6 * 

10-75 


11-07 

6-25 

3-0 

5-00 

2-91 

4-00 

1-92 


22-5 

,13-2.5 

33-75 

13-64 

7-55 

3-62 

6-04 

3-51 

4-83 

2-32 

0 

27-2 

,15-75 

40-80 

16-22 


4-25 

7-20 


5-76 

2-72 

64 

32-1 

; i 8-4 

48-15 

18-95 


5-0 

8-44 

4-85 

6-76 

3-20 

7 

.36-3 

;21'25 

54-45 

21-89 

12-25 

5-75 

9-80 

5-58 

7-84 

3-68 

7.4 

41-3 

23*4 

61-95 

24-10 

13-80 

6-62 

11-04 

6-42 

8-83 

4-24 

8 




• • 

16-00 

7-5 

12-80 

7-28 

10-24 

4-80 





• • 

18-05 

8-6 

14-44 

8-25 

11-55 

5-44 

9 


1 

• • 



20-25 

9-5 

16-20 

9-25 

12-96 

6-08. 

94 


i 

' * • 



22-65 

10-62 

18-04 

10-30 

14-43 

6-80 

10 


1 .. 




11-75 

20-00 

11-40 

16-00 

7-62 

104 


! •• 


• • 


12-87 

22-00 

12-48 

16-60 

8-24 

11 


1 

1 * * 


• • 

30-25 

14-26 


13-82 

19-36 

9-12 

12 

• • 

1 .. 

• • 

* • 


17-00 

28-80 

16-45 

23-04 

10-88 

13 

• 

1 * * 

J 

• « 

• » 

• - . 

" • 

* • 

• 4 

27-04 

12-72 
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Galvanized Flexible Steel Wire Rope. 


6 Strands of 12 wire each mnMrudtion, 


Size. 

Approximate 
breaking strain 
in lbs. 

( 

Weight per 
fathom in lbs. 

! 

Weight per 
100 R- ft. in lbs. 

Circum. in 
inch. 

Biam. inches. 

\ 

i 


• • 

H 

1 


u 

• • 


1 

*2 

n 

• • 

• « 

1 

Tn 

H 

•70 

12| 

H 

1 


1-08 

22i 

n 

1 

4 

1-39 

30 

li 

If 

1 

'1 rt 

5i 

1-77 

35 

2 

f 

7 

2-47 

46 

2i 

r) 


2*96 

53 


1 j 

1 f) 

12i 

3*86 

63 

2| 

i 

15^ 

4-66 

89 

3 

» 

18 

5*49 

98 

3i 

lA 

22 

6*50 

126 

H 

! H 

26 

7-50 

140 


1 

1 *Ti; 

29 

8*61 

162 

4 

! 

33 

9-80 

! 

170 


1 ‘ ^ 

It .2 

35 

11*10 

196 


1* 

39 

12-45 

224 

4i 

• • 

1 

• • 

• « 

259 

5 

1 

• • 

• • 

• • 

308 


• « ~ 

• « 

• • 

343 

6 

1 

• • 

• • 

510 
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Galvanized Steel Barb Fencing W ire. 


1 

j 

Style. 

‘ 1 

1 

1 

1 

1 

Description. 

Weight of 

Length of 

100 yds. 

! Mile. 

1 

[ 

! 

112 lbs. 


2 point ordinary barb round 
one wire 5" apart. 

lbs. 

19 

lbs. 

335 

1 • 

589 yds. 


2 point thickest barb round 
one wire only 21" apart. 

21 

1 

1 

370 

j 

533 yds. 

E3 

4 point ordinary barb round 
one wire only 6^ apart. 

• 

20 352 

1 

560 yds. 


4 point thickest barb round 
one wire only 3" apart. 

1 

■ 

440 

448 yds. 


4 iioint ordinary barb round 
both wires O'' apart. 

1 

j 

i 

20 1 

1 

358 

500 yds. 


4 point thickest barb round 
both wires 3" apart. 

• 

25 

440 

1 

448 yds. 
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GALVANIZED FENCING STRAND. 



Thre] 

3 PLY. 


1 

1 

Five 

PLY. 


1 

Gauge. 

Size of 

Single 

Wire. 

Weight 
per Mile, 
Lbs. 

Length 
per Cwt., 
Yards. 

6 

IP 

s 

Size of 

Single 

Wire. 

1 

Weight 
per Mile, 
Lbs. 

Length 
per Cwt. 
Yards. 

0 

8 

1100 

: 179 

0 

10 ^ 

1070 

184 

1 

H 

994 

: 198 

1 

m 

870 

226 

2 

1 » 

800 

! 246 

2 

12 

778 

253 

3 

! 10 

1 

704 

1 2S0 

3 

13 

i 607 

324 

4 

i 

i 11 

580 

340 

4 

13i 

5.30 

372 

5 

! 12 

i 460 

1 423 

5 1 

14 

460 

428 

6 

m 

414 

j 476 

6 1 

15 

372 

.530 

7 


1 340 

1 580 

1 

7 ! 

i 

16 

204 

670 

8 

i 

' 275 

j 717 

1 

8 ' 

16| 

250 

788 

9 

1 15 

223 

1 884 

9 , 

17 

225 

876 

10 

1 16 ! 

i 

176 

j 1120 

10 i 

1 > 

18 , 

165 

1194 


Four ply. 


Seven ply. 
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Weight and Strength of Flat Mopes of Hemp and Wire. 


Hemj). 

i 

Iron ^Vii'e. j 

i 

1 

yteel Wire. 

Equivalent 

strength. 


i 

1 

1 

1 1 


1 

1 

! 

ct 

p 

ei 


j Weight 


Weight 


Weight 


® d 

Si^C. 

' jjer 

Size. 

! per 

Size. 

! per 


bO O 

d 


, fathom. 


fathom. 


jfathoin. 

.2 ^ 

V -H 
wA fl-, 


1 





H © 

O Ph 



J 


\ 



b 


Inches. 

I 

j lbs. 

] nches. 

1 

1 

lbs. 

Inches. 

11^. 



4 1J 

' 20 

2iX J 

11 

• • 

• # 

44 

20 


i 24 

2rx^ 

13 

• . 

* 9 

52 

23 

nix 

i 26 

2ixg 

15 

• ■ 

. • 

60 

i 27 

Gi X 

! 28 

3Xt 

16 

'■} V 1 

10 

64 

28 

(i X H 

30 

3ix| 

18 

2ix| 

11 

72 

1 32 

7 '< l| 

i 36 


20 


. « 

80 

i 36 

8Jx2J 

1 40 

H X \k 

22 

2^Xi , 

13 

88 

40 

Sixi'i 

43 


25 

2txt ' 

15 

loo 

45 

•’ N — > 

j 50 

4ixi 

28 

3X| 

16 

112 

50 


' 55 

Hxl 1 

32 

:Ux8 

18 

128 

56 

Ki <2.^ 

60 

41X} : 

34 

3^X^- 

20 

136 

60 


Weight and Strewjth of Iron Chains. 


Diamoi er 
ot iron 
in link.,. 

Weight 
of chain 
l>«r ft. 

Breaking strain of 
the chain. 

Diarn. of 
iron in 
links. 

Weight 
of chain 
per ft. 

Breaking strain of 
the chain. 

* Ins. 

lbs. 

lbs. 

Tons. 

Ins. 

lbs. 

lbs. 

Tons. 

1 

r»T 

•5 

1,731 

•773 

1 

10-7 

49,280 

22-00 

i 

•8 

3,069 

1'37 

U 


59,226 

26-44 


1*0 

4,794 

2’14 

H 

16- 

73,114 

32-64 

1 

1-7 

6,922 

3-09 

H 

18-3 

88,301 

39-42 

• l^fT 

2 

9,408 

4-20 

n 

21-7 

1,05,280 

47-00 

h 

2/6 

12,320 

5'50 

n 

26 

1,23,514 

55-14 

l> 

3-2 

15,590 

6*96 

n 

28 

1,43,293 

63-97 

f 

4-3 

19,219 

8-58 

n 

32 

1,64,506 

73-44 

H 

m* 

0 

23,274 

10-39 

2 

38 

1,87,152 

83-55 

i 

5*8 

27,687 

12'36 

2.1 

54 

2,24,448 

100-2 

U 

6-7 

32,501 

14-42 

n 

71 

2,77,088 

123*7 


8 

37,632 

16-^0 

2| 

88 

3,35,328 

149-7 


9 

43,277 

19-32 

3 

105 


178-1 
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Ride for finding the breaking weight of iron chains. 

'io find the breaking weight in tons divide the square of the diameter of one 
bar of the link in sixteenth of an inch by 10. 

Example .—To find the breaking weight in tons of a chain, tlie diameter of 
whose link is 1 inch. 


4 X4 

Diam.=i weight = ss= 1*6 tons. 


The safe working load should not bo more than Jth the breaking weight. 
Strength and weight of short link tested crane chains. 


Diam. of Iron I 
in Link. I 

Breaking w eight 

Proof Load. 

Safe working 
Load. 

Weight per 

fathom. 

Diam. of Iron 
in Link. 

Breaking 
weight. 

Proof Load. 

Safe working 
Load. 

Weight per 

fathom. 

Ins. 

Tons. 

Tons. 

Tons. 

lbs. 

Ins. 

Tons. 

Tons. 

1 

i Tons. 

lbs. 

fV 

■84 

•42 

•25 

2-1 

i 

18-25 

0-12 

5-44 

46-60 


1-5 

•75 

•44 

4-88 

1 T 

Trt 

21-00 

10*50 

6-25 

58-00 

5 

TR" 

2-26 

1-13 , 

•67 

7’26 

1 

24*00 

12-00 

7-11 

63-50 

t 

1 3 ' 2.5 

1-62 ! 

' 1-00 j 

10-57 

i| 1 

30-50 

15-25 

9-00 

I 

7^-50 

tV 

4-.50 

2-26 

1*36 


U 

37-50 

18-75 

11-11 

93-00 


6-00 

3*00 

1-77 

16-00 

n 

45*25 

22*62 

13*24 

121-00 


7*60 

3-75 

2-26 

21-00 

n 

54-00 

n 

16-00 

144-00 

f 

9*25 


2-78 

25-00 

H 

63-25 

31-62 

18-77 

169-00 

H 

11*26 

5-62 

3-36 

29 00 

H 

73-50 

36*75 

21-77 

196-00 

1 


6-75 



n 

86-00 



225-00 

H 

16-76 

7-87 

4-70 


2 

96-00 


28*44 

1 

256-04 
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Weight and strength of chain. 


Stud chain. 


Bigging chain. 


o 


wt. 

% 

Test 


■ 

<D 

Test 

Wt. 

1 

Test 

Wt. 

a 


per 

Fath. 

a 

CS 

Load. 

per 

Fath. 

a 

Load. 

per 

Fath. 

a 

eS 

Load. 

per 

Fath. 

Q 



p 


HI 

Q 



P 



Ins. 

Tons. 

lbs. 

Ins. 

Tons- 

lbs. 

1 ns. 

Tons. 

lbs. 

Ins. 

Tons. 

lbs. 

ft 

7-0 

24 


47-5 

145 

1 

H 

•12 

•48 

1 :i 

7 92 

42 

1 1 
! G 

8*0 

28 

H 

681 

170 

1 b 

•41 

4-64 


9*19 

60 

» 

10 -J 

:i2 

4 

63-3 

195 

i 

•76 

4-5 



67 

1.1 

1 h 

ll-f) 

37 

2 

72-0 

230 

■) 

T G 

117 

6-0 

1 

12’00 

65 

7. 

» 

J8-8 

44 


81-3 

236 

a 

H 

1*69 

10-5 

1 re 

13*54 

73 

1 

1 fi 

15*0 

49 

n 

91 1 

285 

t'b 


12-0 

n 

15-18 

82 

1 

18-0 

58 

2 ;! 

101-5 

320 

3-00 

18-0 

He 

16-92 

91 

u- 

22-8 

72 


112-5 

360 

*1 

IG 

3-80 

21-0 

4 

18-75 

101 

li 

28-1 

90 

“'K 

120-6 

398 

h 

s 

4-69 

27-9 


20-67 

110 

if 

:t4*() 

110 

.>3 

129*3 

438 

1 1 

I'h 

5-67 

31-3 

I-'* 

22-68 

120 

u 

4()-r) 

12.5 

•>7 

-'‘K 

137-0 

479 

3 

4 

6-76 

36-0 

H 

27-0 

140 


Table of tvorking load of iron chains in maunds. 


Diam. 

Ins. ! 

] 

i 

1 

• 1 G 

3 

H 

j 

TtT 

1 

i 

r'k 

1 

1 11 

T6 

f 

Load. 

Mds. 

] 

i 

12-3 

j 

1 

19-0 

28- 

j 

i 

38- 

49-8 

( 

63- 

77-8 

94- * 

1 

112 

JDi^m. 

‘ 1 

Ins. 1 

1 

1 

1 % 

TfiT 

1 

1 I 

1 

H 

l-J 

I 

u 

1 

If 

Load. 

Mds. i 

131-3 

152- 

178- 

199- 

252- 

311- 

376- 

448- 

610* 


Table of Chain, Hemp and Iron Wire Ropes considered to be of 

equal strength. 


Chain. Diam. of Iron 
in link, ins. 

1 

» 

¥ 

h 

5 

8 

i 

1 

1 

Hemp Rope Circum. ins. 

3 

4 

5 

6 

7 

8 

9 

Wire Circum. ins. 

n 

If. 

•> 

w 


3 

H 

4 

1 

























102 


Proportifftis, loeight and strength of ordinary chains. 


I WeijiUt 

Diara. o{ Outsidct Outside [Diagonal ISafe load. Breaking load. I per 
chain. longtli. width j width. | fathom. 


I 
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IMPEllIAL STANDARD WIRE GAUGE. 


Table of size'i, weightSf lengths, and breaking strains of steel ^vire. 



1 

Diam. 


Approximate 

Apj*roximatf. 

Approximate 

m 

3 


WEIGHT OF 

T,EN<3Til OF 

BREAKING 

cu) 

cd 

:::5 


as 

id © 

SPRAIN.S. 


(U 


3 M 

ii C 









- . • ir- 






( 

(H 

'o 

3 

> 

£i 

O 

Dec. 
of an 

1—1 

ei © 

o « 

■*=> a* 

100 

Yar/ls. 

Mile. 

Kilo¬ 

metre. 

Cwt. 

100 

Kilos. 

25 [ 36 
Tons ' Tons 

ct 

9 

inch. 

© « 




per per 

P 

■ji 


as 






sq. in. jsq. in. 


7/.> 



lbs. 

lbs. 

lbs. 

yds. 

• yJs. 

lbs. lbs. 

:v 

•5f)0 

•19635 

200-11 

3522 

2188 

56 

no 

10995 15303 

1 ft 
< ‘2 

0/.) 

•464 

•16910 

! 72-33 

1033 

1885 

65 

128 

9460 13257 

1 (i 

5/0 

•432 

•14657 

149-37 

2629 

1634 

75 

147 

8208 'inoo 

1 :» 

». o 

4/0 

•400 

•12568 

128-07 

2254 

1400 

87-5 

J72 

7035 ' 9851 

-i 

3/1) 

•372 

•10869 

110-8 

1950 

1211 

101 

198 

6086 8521 

11 

•• ' 

2/0 

•348 

•09610 


1706 

1060 

115 

226 

5326 74.57 

1/i) 

•324 

•08244 


1479 

919 

133 

261 

4616 ' 6463 

• • 

1 

•300 

•07069 

72*04 

1268 

788 

155 

306 

3958 , 5542 

.. 

2 

•276 

•06982 

60-97 

1073 

667 

183 

360 

335») 4690 

i 

3 

•252 

•04987 

50-85 

895 

556 

220 

433 

2792 ' 3910 

• • 

4 

•232 

•04227 

43-07 

758 

471 

260 

512 

2366 i :{3I3 

• . 

5 

•212 

•03530 

35-97 

633 

393 

311 

612 

1977 2767 

S 

1 0 

(3 

•192 

mmK 

29-43 

518 

323 

380 

748 

1621 2269 

9 9 

7 

•176 

•02432 

24*77 

436 

271 

452 

890 

• 1362 ' 19t)8 

• • 

8 

•16) 

•02011 

20-45 

360 

224 

546 

1075 

1125 1.576 

.. 

9 

•144 

•01628 

16'69 

292 

182 

675 

1329 

911 1276 

i 

10 

•1*28 

■01287 

13-12 

231 

143 

854 

1681 

720 . 1008 

• -• 

11 

•110 

•01057 

10-80 

190 

118 

1040 

2047 

592 828 


12 

•104 

•00850 

8-63 

162 

95 

1293 i 

2545 

475 666 

-A 

13 

•092 

•00665 

6-76 

119 

74 

1653 i 

3254 

373 521 

* • 

14 

•080 

•00503 

5-11 

90 

56 

2186 j 

4303 

281 ; 394 


15 

•072 

•00407 

4’ 15 

73 

45 

2699 i 

5313 

227 318 

tV 

Hi 

•064 

•00322 

3-29 

58 

36 

1416 

6724 

180 252 

• 

• • 

17 

•056 


2-50 

44 

27-5 

4462 

8783 

138 . 192 

3 

ry^ 

18 

•048 


1-83 

.32-5 

20-2 

8073 

11954 

101 : 141 

« • 

19 

•040 

BjiES 

1-27 

22 54 

14-0 

8745 

17214 

70 ' 98 

• • 

20 

•036 

•00102 

1-03 

18-25 

11-34 

10796 

21261 

57 ' 79 

3 ^ 

22 

•028 


•628 

11-04 

6-86 

17846 

35128 

34-4i 18-2 

ilff 

24 

•022 


•387 

6-82 

4-24 

28908 

56903 

21-2 29-8 

• • 

26 

•018 


•259 

4-56 

2-84 

43184 

85003 

14-2, 19-9 


28 

•0148 

m 

■175 

3^9 

1-92 

63877 

125736 

9-6: 1.3*5 

• • 

30 

•0124 

JuhI! 

•123 

2-17 

1-35 

90996 

179118 

6-8. 9-5 


T 





















Sectional Areas of Rivet Holes in PkUes of Various Thicknesses, Taken ^ inch m Excess of Diameter of Rivet, 
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SectjMoZ Areas ofjivet Holes in Plates 0/ Various Thiclmesses-ooatiawd. 

































SHEARING AND BEARING VALUES OF RIVETS. 


Dia. oi 

Area 

Shearing 
Value at 4 

Bearing values at 7 tons 

I*EK SQ. INCH. 

R.ivot 

in 

in 

Square 

TONS VEH SQ. 
INCH, 

! Thicknos.s 

1 

in inches of Plate passed through. 

inches 

inches. 

Single 1 Double 
Shear |Shear. 

t 


1 r* 

! ir. 


' Th 

1 


^ ' 
a-* ' 

1 

1 ■'> 

» 

1 1 

"1 n 

^ 1 

4 ' 8 

1 

j 1 
« 1 

•llO-i 

i 1 

•44i *771 

•G( 

»82 

• • ‘ 

! 

i 

1 .. 



; ! 

1 ' 

! * * ' 

1 

1 • • 

1 

1 

J 1 

“ 1 

•llKv 

■79 

i 

1-37 

! , 

•87 

i*09| 

1*31 

1-53 


i 

] 

i 

! 

j 

• . 

■ . 

O, ’ 

8 


1*23 

; 215 

1*09 

1-37 

1 LTj4 

1 

1*91] 

|2-19 

1 



.. 

.1 i 

4 1 

•44IJ? 

1-77 

1 3*09 

1 

1-31 

1-64 

|l-97 

2-30 

2 *(>2 

2-05 

1 

3*2 si 


. • 

k \ 

•OUl.: 

2*4li 

! 4*21 

1 *53 

1-91 

2-3o! 

^2m>8 

3-00 

3*4.-. 

3 - 8 . 3 ! 

4*21 

• * • • 

1 i 

1 

1 

•78o-l 

3 14 

1 

5'50 

1*75 

1 

2*19 

2-62: 

' i 

3*06 

3-50 

3*94 

! . * 

4-37i 4*81; 

5*25 8-12 




Rivot heads aro of 4 kinds :— 

(1) Sogmeutal r 

D -diameter of rivot 

R —large radius=1> 

r -- small radius =-4 1> 

d=do]jth of head---D- * 

^ « 

(2) Serai circular 
D--diam. of rivet — 

d —depth of head=|D 
R-= Radius --JD 
e—^l). 

I 

(3) Countersunk 

These rivets are placed at an angle of (!(.>'*, Depths 
thickness of plate. D—I’O. Maximum 1-52. 

(4) Cheese Headed Rivet:— 

Depth d the head=45 D 
Diameter of h^d=45 D 
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Weights and Strength of Materials, 



1 

2 

3 

4 

■ 

i 

1 

1 

Material. 

Specific 

gravity. 

Weight of 

Weight of 

Tensile 

Crushing! 


a cubic 

a cubic 

strength 

weight 


foot. 

inch. 

per sqr. 

per sqr. i 

Alloys and metals. 




inch. 

inch, i 

i 



lbs. 

lbs. 

tons. 

tons. 

Aluminium Bronze 

7*68 

478-4 

•276 

32 

58- ‘ 

90 to 9;)—copper 
Brass, cast 

8-4 

524-37 

•3 

8- 


„ sheet 

8-44 

526-86 

•301 

• 14- 

1 

1 

„ wire 

8-54 

533-109 

•307 

22- 

1 

1 

„ 5 copper, 1 zinc 

8-41 

525-09 

•3 

13-7 

I 

,, 4 ,, 1 ,, 

8-448 

527-36 

-.304 

14-7 

1 

1 

,, '1 ,, ^ 

8-307 

524-18 

•3 

13-1 

1 ■• 

•> 1 

9 } 9 9 '*99 

8-299 

518-06 

■299 

12-5 

{ 

1 • • 

„ 1 „ 1 » 

8-23 

513-75 

•296 

9-2 

i 

,, 1 ,, 2 ,, 

8-283 

517-06 

•298 

19-3 


,» 1 ,, 4 ,, 

7-371 

400-13 

•205 

1-9 

1 

1 ' • 

fa an-metal, 10 cop., 

8-4()4 

.’528-30 

•306 

101 

i 

• • 

1 tin. 

(Jun-metal, 9 cop.. 

8-402 

528-24 

-.305 

15-2 

■ 

1 tin. 

• 





Gun-metal, 8 cop., 

8-4.")9 

528-05 

•305 

17-7 

- . 

1 tin. 

Gun-metal, 7 cop.. 

8-456 

527-89 

■305 

]3-6 

i 

1 

\ 1 

1 .. . 

1 tin. » 





i i 

Linseed oil 

Copper wire 

•94 

8-9 

58 

555 

•034 

•32 

26- 

.. i 

„ sheet 

8-78 : 

548-1 

•316 

13-4 

1 

• • 1 

,, Cast . ■ 

8-0l)7l 

537-3 

•31 ; 

8-4 

1 

,, bolts 

8-85 1 

.552-4 

•318 

17- 

■ * 1 
• • 

Gold 

18-417' 

1150 

•065 , 

9-1 


Jffon cast 

7 to 7-0 ;437to474-4 

•252 to-273' 

0 to 13 

36 to 04 

„ wrought 

7-0 to 7‘8| 471-4 to 4SB-9 

•273 to-281! 

16 to 29|10 to 18 

„ wire 

• • 

• • 

i 

40- 


Lead cast 

11-36 : 

708-5 

•408 1 

•8 

3-1 

„ shoot 

11-4 ! 

711-6 

•41 

1-5 

• 1 

Steel 

8 - 1 

409- 

•288 

.52- 

150- i 

Tin cast 

7-2911 

455-1 

•262 

2-0 

6-7 ! 

Zinc cast 

7- ! 

437- 

•252 

3 3 

j 

Aluminium sheet .. 

2-67 1 

16«-6 

•096 

12 

1 

cast .. 

2-56 1 

1.59-8 

•092 

8 

1 

» • • 


() 


Trans¬ 

verse 

stress. 


tons. 


2 to 3-4 
.3 to 5 


• • 
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Table of Weights 



Material. 

Specific 

Gravity. 

Weight of 
a c. ft. in 
lbs. 

Lime stone 

2'23to2-G 

139 to 160 

Marble statuary 

2-7 

170 

ISlate • • 

2 '5 

107 

Briek common, pucca 

1;6 to 2-0 

120 

Brick, sundried 

• • 

100 to 110 

Kunkar lime 

• • 

72 

White lime 


36 

Surkhi 

. . 

80 

Sand 

l-50tol-88 

100 to 110 

Brick ballast .. i 

» 

• • 

57 

j 

Stone ballast 


89 

Dust coal (Dandot) .. 

. . 

67 

Steam coal (Bengal) .. 

• 

56 

Charcoal 

• 

16^ 

Wood fuel 

* 1 

22*5 

Lime concrete (B. Bal¬ 

* • 

115 

last. ) 

Lime concrete (stone 

i 

! 

140 

Ballast). 

Cement concrete 

2-2 

144 to 150 

Cement, Portland 

135 

86 

Earth 

1*52 to 2-0 

100 to 110 

Rubber, India 

•93 ( 

58 

Ivory 

1-82 1 

114 

Tar 

1*016 

63 

Shingle 

1*42 

88 

Tile 

1*83 

113 

Clay 

1 

20 to 130 

Coke 

• • 

46 

Kalka stone 

• ■ 

164 

Baghanwala stone .. 

t • 

148 

Sanjauli stone 

• • 

i71 

r 


Materials, 
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Weights of Floors and Roofing Materials. 


Material. 


Actual 
weights 
in ll». per 
sq. foot. 


Remarks. 


Jack-arched roofs including ^ 
of mud plaster. 

Jack-arched roofs including If 
tiling, cement concrete or 
marble surfacing. 


150 

140 


f 

I 


Includes li" of concrete over 
crown of arches, but makes 
no allowance for workmen, 
etc. (see also foot-note). 




First-class mud roof including 
f boarding and a singletile. 

First-class mud roof including 
a double layer of tiles. 

Second-class mud roof in- 
eluding a single 2" tile. 


70 

80 

70 


Includes 6" of earth and mud 
plaster. An allowance of 20 
to 30 lbs. per sq. foot must 
also bo made for workmen^ 
J etc., using the roof. 


Single Allahabad tiles includ¬ 
ing battens. 

Double Allahabad tiles with 
battens. 

Mangalore tiles with baj^tens. 


17 

34 

10 


Poilito or Eternit tiles includ¬ 
ing battens. 

Corrugated irvsn, 22 13. W. G. .. 
SU\^>es on battens 


9" thatch with frame 
6' thatch with frame 
Vonesta or pine ceiling 
Piaster ceiling on lathing •. 
Plaster ceiling on wire netting.. 


4 


2 

7 


10 

2 

10 

7 


■3 Will vary with thickness of 
y slates. Add 3 lbs. if 1" boards 
J are used. 


Will vary with thickness of 
plaster. 


jjotes. _To the weight of a floor there must always be added the static 

equivalent of the anticipated live load in order to find the appropriate section of 
joist. This also applies to flat roofs likely to be used by a crowd, where, in any 
case,' an allowance of at least 20 to 30 lbs. per sq. foot should be added to the 
actual weight. 
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Table of strength of wrought iron Screws. 



' 


O 





o 


• 

o 

Ot 


a 


o 

o 

o 


a 


u 

02 

»M 

O 

cd 

O 

^ • 

o 

o 

s . 

orking 

mgth. 

GO 

cd 

ai 

-j=) . 

Pitch. 

o 

o 

-Q . 

£P ■ 

•sa 

p © 

a 

■sf 


2 

07 'cc 

a 




Sh 

O M 

e3 

6 


.a 


.a 



.a 


s 



Q 

CQ 

Q 

Islii 


Q 

eg 

Ins. 

No. 

Ins. 

Ins. 

lbs. 

Ins. 

No. 

Ins. 

Inch. 

lbs. 

i 

) 

24 

•041 

•*136 

58 

2 

•^1 

•222 

1716 

0,280 

i 

20 

•050 

•186 

109 


4 

•260 

1*966 

12,200 

Th 

IB 

•056 

•241 

182 

2 | 

4 

•250 

2-180 

14,920 


10 

•063 

•295 

274 

n 

34 

•286 

2-430 

18,560 

r'h 

14 

•071 

•347 

378 

3 


•286 

2 634 

21,720 

1 

a 

12 

•083 

•394 

448 

H 


•308 

2-884 

26,240 

5 

H 

11 

*091 

•500 

817 

34 

•U 

-.308 

3-106 

.30,36) 

3 

4 

10 

•100 

•622 

1,208 

n 

3 

•333 

3-356 

35,440 

7 

8 

9 

■111 

•733 

1,674 

4 

3 

•333 

3-574 

404V )0 

1 

8 

•125 

•840 

2,217 


‘>7 

-8 

•348 

3-824 

45,040 

n 

7 

•143 

•942 

2,776 



•348 

4-055 

51,840 

n 

7 1 

•143 

1-067 

3,597 

H 

2 f 

•364 

4-305 

58,640 


rt i 

•167 

1-192 

4,148 

5 

n 

•3t'4 

4-534 

60,240 

u 

0 

•167 

1-286 

5,220 

r>i 


‘381 

4-764 

71,560 


.■> 

•200 

1-411 

6,240 


-1 

•381 

5-014 

78,280 

11 - 


•200 

1-494 

6,960 

5? 

24 

•400 

5-238 

86,966 


H 1 

1 

•222 

1-619 

8,240 

6 


•400 

5-488 

, 

94,524 

1 


Weight of Allahabad Tiles. 


Double Tiling — 



Double tiling 

lbs. 

02 . 


lbs. 

oz. 

Batten (say) 

4 

4 

1 Flat tile, dry 

8 

12 



t 




Total 

33 

8 

1 I8erai-hexagonal tile, diy 

5 

12 







Single tiling 

-- 

— 

1 Flat tile, wet 

9 

14 

1 Fait tile, wot 

9 

14 




1 Semi-circular, wet 

4 

14 

1 Semi-circnlar tile 

4 

14 

Battens (say) 

0 

w 

0 

Carried 

29 

4 

Total 

16 

12 










Hi 


British Standard Whitworth’s Screw Threads. 
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To find Strength of T and L irons when used in roofs. 

h 

Spacing --or in other words, for any load 

(span)® X weight per squre foot, 

and any span divide h given in the following tables by square of span x weight 
per square foot, the result will be spacing from centre to centre, on which this 
particular shape of T iron or L iron can be used in the position indicated in each 
table; for loads below given however, divide figures under different loads by 
square of the span and result will bo the spacing. 

Example. —At what distance apart can a T iron 2^' X 2 X be used when 
span =5' and load is equal to 100 lbs. T iron to be placed thus j.. 

The figures opposite to the given T iron and under 100 lbs. are 42*26. 

' 42*26 42*26 

Spacing required =-■=-=1'69'=1|' nearly. 

(5)2 26 

Supposing the load was 60 lbs., then k being 4226. 


4226 

Spacing—-- 3' nearly. 

(5)2 X 60 

Example .—Find the dimensions for a J, iron carrying 100 lbs. per sq. foot on a 
span of 5', when spaced 2^' apart. 

k 

- 

100 X 62 

.*. K =s 6250 lbs. 

From table this gives S'' X 3" X iron. 

Example.—If we use thick instead of f", K « 4976. 

4976 

= 2 feet. 


Spacings = 


52 X 100 
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Table for Strengths of T irons when used in Roofs under different loads. 






1 Distbibttted Load xn Lbs. Per Square 







Foot. 




a 

6 

t 

K 












50 

67 

90 

100 

126 

143 

200 





lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

in. 

in. 

in. 









4 

4 

1 



221*25 

162*26 


118*00 


73*76 

3 

4 

1 

■fifiM 


211*53 

156*12 


112*81 

98*71 

70*61 

4 

3 

1 

8327 

rl 


91*69 

83*27 

66*61 

68*28 

41*63 


31 

1 

11113 

’'■eSili 


122*24 

111*13 

88*90 

77*79 

55*66 

3 l 

31 

1 

3602 

\ H 


94*62 


68*81 


43*01 

3 

3 

1 

7813 

156*26 

117*19 

82*94 

78*13 

62*50 

54*69 

39*06 

3 

3 

f 

6220 

124*40 


68*42 


49*76 

43*64 

31*10 


21 

1 

6408 


81*12 

69*48 


43*26 

37*86 

27*04 


21 

1 

4226 

84*52 

63*39 

46*48 

42*26 

33*80 

29*68 

21*13 

21 

21 

iV 

3600 



39*60 


28-80 

Km 

18*00 

21 

21 


2945 


44*47 

31*39 

29*45 

23*66 


14*72 

2 

2 

1 

3334 

66*68 

60*01 

36*67 

33*34 

26*67 

23*33 

16*67 

2 

2 

I 

2622 

62*44 

39*33 

28*84 

26*22 

20*97 

18*36 

13*11 

2 

2 

5 

2242 

44*84 

33*63 

24*66 

22*42 

17*93 

16*69 

11*21 

2 

2 

,■5 

1 ^ 

1843 

36*86 

27*64 


18*43 

14*76 

■^0 

9*21 

11 

11 • 

1 

1407 

28*14 


16*47 

14*07 

11*25 

9*84 

7*03 

11 

11 

n't 

TS 

1209 

24*18 

18*13 

13*29 


9*67 

8*46 

6*04 

11 

11 

1 

1000 


■raiai 


■ OHIO 



5*00 

11 

11 


777 

16*64 

11*66 

8*54 

7 * 77 | 

6*21 

5*43 

3*88 

11 

11 

1 

538 

10*76 


5*91 

5*39 


3*76 

2*69 


When used in invetied position under roof thus j_ 


4 

4 

i 

11800 








3 

4 

h 

11282 

^ 26*64 

169*23 

UtE 

112*82 


' 78*97 

66*41 

4 

3 

i 

6662 

133*24 

99*93 

73*28 

66*62 

63*29 

46*63 

33*31 

3 i 

3 i 

i 

8990 


134*86 

98-89 

89*90 

71*92 

62*93 

44*95 

3 i 

3 f 

f 

6882 

137*64 



68*82 


48*17 

34*41 

3 

3 


6250 


93*76 

68*75 



43*76 

31*26 

3 

3 

i 

4976 

99 * 5 !^ 

74*54 

64*73 



34*83 

24*83 
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Table for strengths of T irons when used in roofs under different loids —coatimied. 



in. : in. 

2h \ 2h 


4326 

3381 

2881 

2356 

2657 

2098 

1794 

1474 

1126 

907 


4 ! 4 
H I 4 : 

4 ; : 


86*52 

67*62 

57*62 

47*12 

53*34 

41*96 

35*88 

29-48 

22-52 

19-34 

16-00 

12*44 

8-60J 


64*89 45*58 43*26 
50*71 37*19 33*81 
43*21 31*69 28*81 
35*34 25*91 23*57 
40*00 29*33 26-67 

31*47 -23-07 20*98 
26-91 19*73 1 7-94 
22*11 16*21 14-74 

16-89 12*38 11-26 
14*50 10-63 9*67 

12*00 8*86 8*00 
9*33 6*84 6*22 

6*45 4-75 4*30 


34*00 

27-04 

23*04 

18*84 

21-33 

16-78 

14-35 

11-79 

9-00 

7*73 


30*28| 

23*66| 

20*161 

16*49 

18*66 

14-68 

12-55 

10-31 

7*881 


21*63 

16*90 

14*40 

11*78 

13*33 

10*49 
8*97 
7*37 
5-63 
4*8 ! 


3*0 Ij 


Table for strengths of L irons when used in roofs under different loads n. 


3^ H I 
3 ^ 3 ^ ! 

3 ! 3 I 

3 3 ! 

2i ! 2i 
2 2i ! 


11062 1221*24'165*93)121*68 110*62,' 88*49 77*43 
10576 211*52 158*64 118*.33 105*76; 84*60 74*03 

6245 124*90 93*67 68*69 62*45; 49*96 43*71 

8335 166*70 125*02 91*6S 83*35 06*68 58*34 

6451 129*02 96*76 70*96 64*51 51*60 45*15 

5860 117*20 87*90 64*46 58*60 46*88 41*02 

4665 93*30 69*97 51-31 46*65 37*32 32*65 

4066 81*12 60*84 44*61 40*56 32*44 28*39 

3170 63*40 47*65 34*87 31*70 25*36 22*17 

2701 64*02 40'51 29*71 27*01 21*60 18*90 

2209 44 18 33*13 24*29 22*09 17*67 15*46 

2600 50*00 37*60 27*60 26:00 20*00 17*50 


55 ’? 1 
52*88 
31*22 
41*67 
32*25 

29*3.. 

23-32 

20*28 

15*86 

13*50 

11*04 

12*50 
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Table for strengths of L irons when used in roofs under different loads.- 

concluded. 

When used thus n 


a 

b 

t 

K 

in. 

in. 

in. 


O 

w 

2 

f 

1966 

•> 

w 

2 

iV 

1682 

O 

w 

2 

i 

1382 

n 

n 

f 

10,55 

u 

n 


908 

H 

u 

i 

750 

H 

n 

Tb 

.583 

H 

n 

i 

403 

4 

4 

h 

8850 


4 

i 

^461 

4 

.3 

i 

H 

491)6 

H 

H 

h 

6668 


‘H, 

g- 

5161 

3 

3 

1 

4688 

• .3 

3 


3732 


H 


3245 


H 

1 

2536 


n 


2160 


21 

1 

1767 

•> 

2 


2000 

• 2 

2 


1573 

o 

2 

tV 

1345 

•> 

2 


1106 

H 

n 


844 


n 

nr 

725 

H 

n 

i 

600 

H 

n 

vv 

466 

H 

n 

i 

323 


Distributed Loads in Lbs. Per Square Foot. 


50 lbs. 

67 lbs. 

90 lbs. 

100 ; 

lbs. I 

1 

j 

125 

lbs. 

143 

lbs. 

200 

lbs. 

39*32 

29*49 

26*62 

1 

1 

19*66! 

16*72 

13*76 

9*83 

33*64 

25*23 

18*50 

16*821 

13*45 

11*77 

8*41 

27*64 

20*73 

15*20 

13*82 

11*05 

9*67 

6*01 

21*10 

15*82 

11*60 

10*.55! 

8*44 

7*38 

5*27 

18*16 

13*62 

9*98 

9*08' 

7*26 

6*35 

4*54 

15*00 

11 *251 

8*2.5, 

7*50, ' 

0*00 

5*25 

3*75 

11*66 

8*74' 

6*411 

5*83! 

4*66 

4*08 

2*91 

8*06 

6*04i 

4*43i 

4*(»3i 

1 


2*82 

2*01 


When used thus L. 


177*00 

1 132*75' 97*35, 88‘50| 

70*80' 61*9£ 

44*25 

169*22 

1*26*911 93*07 

84*611 

67-68, 59*22 

42-.30 

99*92 

74*94 54*9.5 

49*96! 

39*96 

' 34*97 

24*98 

133*36 

100*02, 73*34 

66*68 

53-.34 

1 46*6' 


33*34 

103*22 

1 77*41 

50*77 

51*61j 

41 *281 

i 36*12 

25*80 

93*7e 

70*32 

1 51*56 

1 46*88; 

37*.50i 

.32*81 

23*44 

74*64 

.55*981 41*0.'' 

37*32i 

29*8.5! 

26*12 

18*66 

64*90 

48*67 

1 36*69 

32*46! 

25 * 961 ' 

22*71 


16*22 

50*72 

1 38*04 

27*89| 

25-.36I 

20*28! 

17*75 

12*68 

43*20 

32*40 

23*76 

21 *60' 

17*28 

15*12 

10*80 

35*34 

26*50 

19-431 

17*67! 

14*13| 

12*36 


8*83 

40-or 

.30*00 

22*00 

20*00; 

16*00 

14*00 


10*(K) 

31*46 

23*59| 

17*3( 

15 * 73 ! 

12-.581 

11*01 


7*86 

26*90 

20*17 

14*79 

13*45 

10*761 

9*41 


6*72 

22*12 

16*59 

12*16 

11*06 

8*84 

7*74 


5*5,3 

16*88 

12*66 

9*28 

8 * 44 ; 

6*75 

5*90 


4*22 

14*50 

10*87 

7*97 

7*25 

5*80 

5*07 


3*62 

12*00 

9*00' 

6*60 

6*00, 

4*80i 

4*20 


3*00 

9*321 

6*99i 

.5*12| 

4*66 

3*72 

.3*26 


2*33 

6*401 

4*84 

3*56 

3*23 

2*58 

2*26 


1*16 
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Wooden Pillars or Posts, 

The pillars are generally made square. 

Buie:—Area required^ —^ (Deodar). 

700 


_Total weight 


(Teak). 


The depth should not bo more than 8 times X breadth. If more, multiply 
the area found above, by— 


(a)=snior 0 than 8 times and les-s than 12 multiply by ^ 


(6) 

do. 

12 

ditto 

24 

ditto 

2 

(«) 

do. 

2<* 

ditto 

36 

ditto 

4 

{d) 

do. 

36 

ditto 

48 

ditto 

6 


Example .—The column is carrying a load of 8,000 lbs., find its dimensions 
For Deodar, (6) for Teak for length from 4 feet to 20 feet. 

Q 00l> 

Deodar==: use for 4' length =11^x2 =s 23 inches, 

i. e., 5‘^X4^". Similarly find out seotion-s for other lengths. 

If it is of Sal or Teak, divide by 1,200 
L=lougth of pillar in inches. 

P= total load. 

S=ar 0 a of section in inches. 

C—safe load per square foot. 

6= least dimension, 
then P=CS. When (L is loss than 8b). 

P=5/6C.S. When (L lies between 8b and 12b). 

P=| C.S. When (L lies between 12b and 24b,) 

P=J C.S. When (L lies between 24b and 3t}b.). , 

P=} C.S. When (L lies between 36b and 48b.) 

The value of 0 is given below. 


Safe Strains per square inch in lbs. 


Tensile 

Crashing 


i 

Brickwork 

Strains. Deodar. Chir. Teak. Sal. concrete. 


700 1 

700 

1210 

1363 

• • 

700 1 

700 

1210 

1270 

78 
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Strength of Wooden Pillars, 


Length 
diam. ~ 

10 

15 

20 

2.5 

! i 

1 

30 j 

35 

40 

45 

i 

50 

Breaking weight ^ 
per sq. foot of }■ tons. 

120 

118 

115 






H 

secjtion j 









m 


Strength of Wooden and Iron Struts, 


= Safe load in cwts. ends rounded and Ji =j^ 


R 

y 

' c. 

R 

7c. 

R 

^0. 

R 


5 

9-55 

19 

3*85 

33 

1*56 

54 

0*58 

6 

9'25 

20 

3-60 

34 

1-43 

56 

0*55 

7 

8'85 

21 

3'38 

35 

1*35 

58 

0*52 

8 

8-30 

22 

3*18 

36 

1-28 

60 

0*49 

9 

7*75 

23 

2-92 

37 

1-22 

62 

0*46 

10 

7'20 

24 

2*75 

38 

ri6 

64 

0*43 

11 

6-70 

25 

2-60 

39 

111 

66 

0*41 

12 

6-25 

26 

2-41 

40 

1-06 

68 

0*39 

13 

5-80 

27 

2*25 

42 

0'96 

70 

0*37 

14 

5-40 

28 

211 

44 

0*87 

72 

0*35 

15 

5-05 

29 

1-96 

46 

0*79 

74 

0*33 

16 

4*75 

30 

1-82 

48 

0*72 

76 

0*31 

17 

4-45 

31 

1'71 

50 

0'66 

78 

0*29 

18 

4'15 • 

32 

1*60 

1) 

52 

0-62 

80 

0*27 


If both ends are fixed 7c = -- 


If one fixed and other rounded 7c = average of R and — 

Example .—Find the safe strength of a 10 feet 3" X 2" strut. 

Ciength=» 10X12=120'" Least dimension =2". 

= 60 and 7c=-49cwt. 

.‘.Safe load=3 X2 X •49=2‘94 cwt. 

If one end is fixed and other rounded 

R=60 and =30 from table 7c for those= ’49 and 1 *82 . *. average=l ’IS^ 
2 

7c=s2x3X1‘166=6*93 cwt. • 
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Table of safe strength of pillars, posts, or struts of Teak, ^al or well seasoned 
__ Keekar or Skeesham. 


Height 
in feet. 


Feet. 

3 

4 
o 

7 

8 
9 

10 

11 

12 

13 

14 

15 
1 () 

17 

18 

19 

20 


■Heiuht 


(Side of a Square pillar in inches. 


lbs. 

48708i 

33792 

29568 

23424 

18916 

14976 

12288 

104ui| 

880«J 

7676 




lbs. 
73728 
60228 
48228 
39168 
31750 
26000 
21500 
180(X) 
15650 
1.3000 
11824 
10388| 


4^ 


4r 


lbs. 
103600 
87000 
72000 
60250 
49500' 
41250| 
350001 
30000' 
25625! 
222.501 
19200l 
16900i 
14960 
12400' 


lbs. 

119000 
102000 
86250 
72750 
62000 
53500 
45275 
38250 
34000 
29500 
26250 
23000 
20750 
18800 
16900 


5" 

H" 

6" 

lbs. 

lbs. 

lbs. 

156500 

198528 

* • 

244992 

136000 

175872 

220416 

117120 

153784 

195840 

1006<)0 

1344001 

172800 

86400 

116736; 

152448 

74880 

102184, 

134400 

64890 

81K)88' 

118656 

56800 

783361 

10.5216 

40500 

691201 

9.3312 

4.3000 

59120 

8,3328 

38750 

54528 

73496 

.34500 

48368. 

67200 

312.501 44160) 

60672 

28000j 

39936' 

54912 

25601 

36096) 

49920 

2,30001 

330241 

4.5696 

21200 

290.52' 

418.56) 


er 


lbs. 


269952 

24.3072 

216960 

193536 

172032 

153216 

136704 

122112 

109440 

98088 

89088, 

80040 

73344 

668161 

61440) 

56064 


in 

feet. 


8" 

8^1" 


Feet. 

lbs. 

lbs. 

lbs. 

lbs. 

6 

352128 

414720 

481125 


8 

291450 

348672 

410112 

477696 

10 

238080 

289152 

344448 

406272. 

12 

194688 

240000 

288384 

344064 

14 

160512 

199296| 

241536 

290688 

16 

133248 

166656’ 

203520 

246912 

18 

111744 

1405441 

172800 

210816 

20 

94464 

119424! 

147840 

181248 

23 

75264 

95232! 

118560 

145920 

26 

60672 

87418 

96768 

119424 ^ 

29 

,50304 

761281 

80256 

99456 


W 


J bs. 


176640 

145536 

121844 


10" 

11" 

1 

(b.s. 

« f 

544512 

• « 

702720 

469248 

61.5562| 

403200 

530832 

347136 

467348 

299520 

407808 

259584 

356726 

211968 


175104 

245760 

146688 

iWi 


lb.s 


324480 
294912 
266496 
239616 
215040 
193152 
173184 
155904 
140544 
127104 
115200 
106368 
95616 
87168 
80256 
6.3728 


12 " 


lbs. 


881280 

78.3360 

691968 

609792 

537600 

474624 

333312 
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OAST IRON COLUMNS. 

Iron columns are usually made of cast iron and hollow. No column with 
less than | inch thickness should be used. 

Table of safe strength of iron columns in tons with both ends fixed. 
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Table of safe strength of iron columns in tons with both ends 

fixed. —concluded. 


Outer 

diam. 

Thick¬ 

ness. 


Length of cast 

IRON COLUMNS IN FEET. 


12' 

14' 

16' 

18' 

c 

H 

30' 

35' 

40' 

Inches. 

Inches 

Ton. 

Ton. 

Ton. 

Ton. 

Ton. 

Ton. 

Ton. 

Ton. 

Ton. 

9 

■1 

36*2 

” 31*5 

27*7 

24*3 

21*3 

15*7 

12*0 

9*1 

7*3 


i 

42*8 

37*2 

32*7 

28*7 

24*2 

18*4 

14*4 

10*9 

9*9 

>> 

1 

49*1 

42-7 

37*5 

32*9 

28*9 

21*2 

16*8 

12*8 

10*3 


1 

55*3 

48-7 

42-3 

37*1 

32*6 

23*0 

19*2 

14*6 

11*8 


H 

64-2 

50-8 

49*0 


36-3 

27*6 

21*6 

16-4 

13*2 

10 

f 

50-3 

44*7 

39-7 

37*2 

31*0 

23-5 

18*9 

14*7 

11*4 


1 

59-6 

53*5 

47*0 

41*7 


27*9 

22*0 


13*6 


1 

671 

59*7 

53*0 

47*0 

41*7 

31*4 

25*2 


15*6 

9f 

H 

71*3 

63*5 

56*3 

49-9 

44*3 

33*3 

28*3 


17*5 


U 

81*6 

72-0 

64-3 

57*2 

50*7 

38*i 

31-5 

24*0 

19*5 

11 

1 

56-4 

50*9 

45-7 

41*0 

36*8 

28*2 

24*0 

18-9 

15*3 


i- 

69-2 

62'4 

56-1 

50*4 

45*1 

34*5 

28*0 

22*0 

17*8 


i 

79*1 

71*4 

64-2 

57*6 

51*6 

39*5 

32-0 

25*2 

26*4 



84*6 

76*4 

68-6 

61*5 

55-2 

42*3 

36*0 

28*3 

22*9 


U 

96*5 

87-1 

78-2 

70*2 

63*0 

48*3 


31*5 

25*5 


If 

108-7 

98*1 

88*2 

79*2 


54*3 

44*0 

.34*6 

28*1 

12 

f 

68*7 

62*1 

57*0 

51*3 

46*6 

36*3 

29*8 

23*9 

19*3 

» 

1 

80*1 

72*5 

66*5 

60*2 

54*4 

42*3 


27*8 

22*5 

* * 

1 

91 *6 

82-9 

76*0 

68*8 

62*2 

48*4 

39*8 

31*8 

25*8 


If 

98*4 

'89*1 

81*6 

73*8 

66*3 

51*9 

44*8 

35*8 

29*0 

19 

If 

111*9 

101-3 

92*9 

83*0 


52*1 

49-8 

39*8 

32*2 

99 

If 

114*8 

104*0 

95*3 

86*2 


60*7 

64*7 

43*7 

35*5 


—IL 

131*2 

118*8 

108-9 

98*5 

89*1 

69*3 

59*7 

47*7 

38*7 


Note.— For other heights or thicknesiies than given above, interpolate by 
direct proportions. 
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HOLLOW COLUMNS. 


The strength nearly equals the difference between that of the two solid 
columns, the diameters of which are equal to the external and internal diameters of 
the hollow one. 

Let = external diameter in inches, 
d = Internal diameter in inches. 

L = Length in foot. 


W=Breaking strength in tons 


(1) When ends are rounded J 
and L > 15 D i 


|* For soli 


solid columns W=14‘9. 


3*76 

D 


For hollow columns W=13' -_- 

■r 1*7 


(2) Ends flat L > 30 D «i 


For soli 

I 

I^For holl 


solid columns W = 14‘16. —- — 


j^3-55 ^3-55 

or hollow columns W=44‘34 -=- 


Example .—A hollow cast iron column is 20'long and has external diam. 4'^ 
and carries a safe load of 2 tons. The ends are flat and fixed. Find the thick¬ 
ness of metal. 

Let factor of safety = 10 then W=2 X 10=20 tons. 

3-55 3-55 3-66. 3*56 

44-34. D—d 4 —d 

20 =W -- 44-34- 

L 1*7 20 1-7 

3-55 

d =\/ = 3^" nearly. 

4-3J 

Thickness of metal --- 3/8 inch. 



Height 
in feet. 


Feet. 


Table of safe strength of pillars, posts, or struts, of Deodar. 


Side of a square pillar in inches. 



lbs. lbs. lbs. lbs. 
28588 43008 60445 69410 


lbs. lbs. j 


4 

1071 ■> 

35133; 

50750 

56000 

91294 116808 

142912' 

1 

* ■ 1 

• • 

5 

17248 

28133| 

42000 

49816 

79338 102592 

128516; 

157472' 

189280 

6 

13664 

22848 

35000 

42<44l 

683201 

89705 

1142401 

1417921 

171927 

7 

1J039 

18-)22' 

28875 

36169 

58688; 

78400 

108000, 

1265601 

155456 

8 

8736 

15183i 

1 

24066 

31213 

50400 

68093 

88928j 

106996' 

139776 

9 

7168 

I 

126441 

20419 

26425 

43686' 

57605 

1 

71400; 

100352, 

125440 

10 

6069 

1050(1, 

17500 

22316 

37656: 

51968 

693161 

893761 

112672 

11 

5138 

9135 

14962 

19838 

33838 

45696 

61376: 

79744; 

101024 

12 

4480 

7688’ 

12978 

17206 

28875' 

40320 

51432' 

712321 

90944 

13 

* , 

6902' 

11200 

15316 

25U88| 

34489 

48608' 

9S840! 

81984 

14 


6048' 

1 

9856 

13417 

1 

22610“ 

31808 

45784! 

57218', 

74144 

15 

• * 

: 

‘ • 

8729 

12103 

19845 

28504 

i 

392001 

51948 

67200 

16 

• • 


7238 

10969 

18228| 

26460 

351001 

47040 

62648 

17 




9856 

16338 

23296 

32032; 

42784' 

55776 

18 

• • 


• ■ 

.. 1 

14938 

21056 

29120! 

38976' 

50848 

19 

• • 


• • 

1 

- . I 

13419, 

192641 

26656“ 

35840! 

46634 

20 

.. 

• • 

1 

• • 1 

1 

• • 

12425 

174721 

24416 

327041 

37175 


Height 

in 

feet. 


Side of a square pillar in iNdm 




40992) 

359072 

313162, 


514080 

456960 

4036!.8 


44408 46816 58016! 70784' 85568 
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Breaking Weight in tons of Cast iron so lid Columns, end s flat and fired. 
I Length of Columns in feet. 


Diam. 

0 

8 

10 

12 

w 

16 

IS 

20 

25 

Ins. 

Tons. 

Ton.s. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons, 

Tons. 

U 

•82 

•50 

•34 

•25 

•19 

•15 

•13 

•11 

•07 

12 

1-43 

•87 

•60 

•44 

•34 

•27 

•22 

•18 

•13 

2 

2-31 

1-41 

•97 

•71 

•55 

•44 

•36 

•30 

•20 

21 

3*52 

2-16 

1-48 

1-08 

•33 

•67 

•54 

•46 

•31 

H 

5-15 

3-16 

2-16 

1-58 

1-22 

•97* 


•66 

•56 

n 

7-26 

4-45 

3-05 

2-23 

1-72 

1-37 

1-12 

•94 

•64 

3 

9-98 

6-09 

4-17 

3-06 

2-35 

1-87 

1-53 

1-28 

•88 

3^ 

17-29 

10-60 

7-26 

5-32 

4-10 

3-26 

2-67 

2-23 

1-53 

4 

27-96 

17-16 

11-73 

8-61 

6-62 

5-28 

4-32 

3-61 

2-47 

4i 

42-73 

26-20 

17-93 

13-15 

10-12 


6-60 

5-52 

3-78 

5 

62-44 

38-29 

26-20 

19-22 

14-79 

11-79 

9-65 

8-06 

5-52 

51 

88-00 

53-97 

36-93 

27-09 

20-84 

16-61 

13-60 

11-37 

7-78 

6 

120-4 

73-82 

50-51 

37-05 

28-51 

22-72 

18-60 

15-.55 

10-64 

61 

160-6 

98-47 

67-38 

49-43 


30-31 

24-81 

20-74 

14-19 

7 

209-7 

12«-6 

87-98 

64-53 

49-00 

39-57 

32-39 

27-08 

18-53 

71 

268-8 

164-8 

112-8 

82-73 

63-66 


41-53 

34-72 

23-76 

8 

339-1 

207-9 

142-3 

104-4 

80-31 


52-39 

43-80 

29-97 

81 

421-8 

258-6 

177-0 

129-8 



65-16 

54-48 

37-28 

• 9 

518-2 

317-7 

217-4 

159-5 

122-7 

97-80 

80-06 

66-92 

45*80 

91 

622-5 

396-0 

264-2 

193-8 

149-1 

118-8 

97-25 

81-70 

55-64 

10 

767-2 

464-3 

317-7 

233-1 

179-3 

142-9 

117-0 

97-79 

66-92 

101 

902-6 

553-5 

378-7 

277-8 

213-8 

170-3 

139-4 

116-6 

79-77 

11 

1067-1 

654-4 

447-8 

328-0 

262-7 

201-4 

164-9 

137-8 

94-31 

• 111 

1262-3 

767-9 

525-5 

386-4 

296-6 

236-4 

193-5 

161-7 

110-7 

12 

1459-6 

896-1 

612-5 

449-3 

346-7 

276-5 

225-5 

188-6 

129-0 


If length is less than SOD, then correct the strength of short columns. 
If S=strength of long columns. 

C=49x area of section. 


Strength of short columns in ton| = ^ ^ ^ ^ 
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WROUGHT IRON STRUTS AND PILLARS. 


They are usually made of L or T iron. 

Let P = pressure in lbs. 

S = area of strut in square inches. 

C = Safe strength in lbs. per sq. inch. 

L = Length in inches. 

d = Least dimension of section. 

a = a constant for wrought iron =-r^- 

3000 

S X C 
then P= ■ 

1 +a d2 

Example .—A strut of a truss is of 3" X 3" angle iron and is 10 feet long. 
The stress on the strut is 3 tons. To find its thickness. 


S X C 

r=- 

1 -j-a L or 

d2 


6720 


S X 8960 


1 (120)2 



8 = 1 * 2 " 

Area of 3"x3" X i" =1*2 approx, 
hence the thickness = J". 


SAFE LOAD ON STRUCTURES. 


Oast iron columns 


Cast iron girders for tanks .. )■ = 1 Breaking weight. 

Wrought iron structures .. J 

Oast iron for bridges and fioors = ^ ditto. 

Stone and Bricks .. = ditto. 

Timber live loads .. == iV ditto. 

Timber dead load and temporary 

structures .. = j ditto. 
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TcMe of Boiled Iron segment Columns. 



Diameters. 

One Column. 

Size of 







Thickness. 




Area of 

Wt. per ft. 

Rivets. 


d 

D 

i>i 

cross Sec- 

run. 






tion. 



Ins. 

Ins. 

Ins. 

Ins. 

Sq. ins. 

lbs. 


1 

3f 

4 

6* 

3*8 

12*8 

Hxl 

i 

• • 

4i 

6/b 

4-8 

16 

Ijxi 

( 5 

1(7 

• • 

4i 


5-8 

19*3 

Ifxi 

1 

• • 

41 

CtV 

6-8 • 

22*6 

lixl 

i 

m 


8rV 

6-4 

21*3 

Ifxi 


• • 


Si 

9-2 

20*6 

lixl 

i 

•« 

51;: 

8t'g 

12 

40*0 

ly X ^ 

1 

• • 

OiV, 

8| 

14-8 

49*3 

2iXi 

i 

>5 

^ I (i 

6,V 


7-4 

24*6 

ifxi 

f 

* • 

"lb 

9A 

10*6 

35*3 

Ifxi 

i 

• • 

Ol<. 


13-8 

46 

Ifxi 

i 

• « 

l-'K 

* 1 iT 

Oi » 

*^lb 

17 

66*6 

2^Xi 

i 

7 

• ITT 

m 

illV 

10 

33*3 

U-xf 


• • 

St'. 


18 

60*0 

2ixj 

1 

• • 

oyv; 

12tV. 

25-2 

84*0 

2ix| 

1 

• • 

9i^.t 

lav’b 

33-2 

110*6 

3XJ 

H 

• • 

• 9H 

12H 

41-2 

137*3 

31 Xf 

i- 

11 

lU 

ir>-,v 

16*8 

66*0 

2X| 

h 

• • 

12 

151 

26*4 

88*0 

2|X| 

1 

« • 

m 

16 iV 

37*8 

126 

2}Xi 

1 

• • 

13 

16f 

49*8 

166 

3Xi 

• n 

• • 

13^ 

IVb 

61*8 

206 

3iXf 


14f 

15 

19i 

24 

80 

l^X^ 

i 

• • 

ISi 

19tV 

36 

120 

21X1 

1 

* • 

16| 

19i 

52 

173*3 

2|Xi 

1 

• • 

16i 

20i 

68 

226*6 

3X| 

If 

• • 

m 

21 

92 

306*6 

3fX| 



Strength of Rolled iron segment Columns, 

6,25000 

+ [30 X( 1200—R) ]=Breaking strength. 
B2 

Length of column. 

R= - 


Least radius of column. 









ijRiTisH Standaud Sections, JTlat Botto»ied Rail's. 
(Engirioeritiff Standards Comniittoo, 1905). 

^ ■ _ Chemical 

r i ••• J. ESTS. 

i , i Carbon, 0*35 to 

?j jo i O'S cent. 




Table of Dimensions. 


Manganese, 0*7 
to 1*0 per cent, 
Silicon, under 
0*10 per cent. 
Phosphorus, under 
0*07 per cent. 
Sulphur, under 
0*07 cent. per. 
Steel to be 
Bessemer, Martin- 
Siemens, or other 
approved process. 
Drop tests to be 
made on 5-foot 
lengths. 


Drop Tests. 


Tup, Cent, j Drop, 
cvvts. beargs.i feet. 



Rule for the weight of rails :— 

Ij=greatest load on one driving wheel in tons. 

V =Max. velocity in miles per hour. __ 

W=5weight of rails in lbs. per yard^sl?^ \/(L.-f.0CK)l2v‘ 
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Particulars of American Rail Sections, 




1 




Axis x— x. 



Width o; 



Height of 


1 

1 

Weight 

Area. 

base anc 

WV,). 

Width of 

neutral 

Moment 

J Radius 

per yard. 


height. 


head. 

axis X — X 

of 

1 of 


i 

1 

1 


above base 

Inertia. 

' Gyration 



i 

1 

i 

1 

1 

1 

1 


X X 

1 

r 

lbs. 

tSq. Ins. 

! 

Ins. 

1 

1 

Ins. 

Ins. 

Ins. 



10(» 

9-8 


*» 

2i 

2-8 

43-8 

2*13 

95 

9-3 


1 rt 

2L’ 

2*7 

38*6 

2-06 

90 

8-8 

5| 

rff 

2| 

2-5 

34*0 

1*97 

So 

8-3 

Oi‘ 

-i*. 

lU 

0 !' 

© 

2-5 

30*0 

1*90 


7-8 

O 


2i 

2*4 

2C-2 

1*83 

75 

7*4 



21} 

2-4 

22*9 

1-78 

70 

0'9 



2T'?r 

2-2 

19-6 

1*70 

05 

6-4 

4t‘6 


21} 

2-2 

16*9 

• 1*03 

IM) 

5*9 

H 


2| 

2-1 

14*5 

1*58 

5.) 

5*4 


4? 

2i 

2*0 

11-9 

1*49 

50 

4-9 

'VI 

t'(T 

2i 

1-9 

9*8 

1*42 

45 

4-4 

•il 1 
•' 1 ■« 

J 7 

t) 4 

2 

1-8 

8*0 . 

1*35 

40 . 

3-9 

.1 j I 

J 'i 

u 

1-7 

0*6 

1*30 

35 

3-4 

31 1 

4 


1*6 

4*8 

119 

30 

3-0 

1 

i 1 

ft 4 


1-4 

3*5 

1*11 

25 

2-5 

2| 

1 <4 

tiT 

u 

1-3 

2*4 

•99 

• 2<J 

2 0 


H 

li 

1'2 

1*7 

•92 

10 

i-fl 

n 

r. ‘ 


11 

11 1 

1 

•34 


1 


h i 



i 



OUDH AND ROHILKHAND RAJPUTANA MALWA AMERICAN 


RAIL. RAIL. RAIL 

Weight 50 Jbs. yard. Weight 40 lbs. per yard. Section. 


Examples of Sections in 
use in India are given above. 
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Table of safe loads on Hollow cast iron Pillars, 


■ 

» 



a 

o 




00 




o 



M 

- 4 -* 

^ -g 


8 

w 

H 



Inches 

Inches 

Ton. 

Cwt. 

3 

i 

3 

17 

H 

f 

0 

1-6 

4 


8 

-19 


i 

14 

4 

5 

f 

18 

6 

5 

1 

23 

2 

5J 

1 

27 j 

3 

6 

» 

22 

18 

0 


2(i 

18 


1 

4() 

0 

7 

7 

1 

' u- 

KM 

18 

5 

7^ 

1 

1 SI 

18 

8 

1 

58 

0 

8 

11 

70 

0 

Sh 

1 

64 

0 

9 

1 

70 

0 

0 

11 

83 

0 

10 

u 

100 

0 


Length of pillak in feet. 



Strength uf cast iron pillars or columns 
W=breaking weight in tons. 

A= area of section in sq. inchoi 

__ D ^ngth_ 

~~ d Least dimension 


For solid round column W— A . 

1 +.— 

400 


30 A. 


1 + 


500 


For rectangular columns W 












Out bide Diam 
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Hollow columns of east iron. Heigh taken only lo', may be 

safely tahen 12'. 
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OLD IRON RAILS. 


The rails should be given a slight camber when used over spans more than 
10 feet. The camber is given in the table below and should be used by flat 
side upwards as shown in the figure T. 

In case no camber is used the rails should be used as shown i.e. j,. 

Table of Distance apart of old iron rails, broad gauge, without camler. 


50000 


opacmg -----— 

(span)2 X weight per sq. ft. 


j Spaciho centre to centre for a dtstribttted load per sq. foot of 

I __ 


Clear 

Span. 

80 lbs. 

1 

100 lbs. 

1 

120 lbs. 

t 

1 

j 

i 140 lbs. 

\ 

I 

1 

1 

j 

i 160 lbs. 

1 

1 

1 

1 

1 

1 

! 200 lbs. 

1 

Feet. 

1 

Inches. 

Inches. 

1 

j 

i Inches. 

1 

! 

1 Inches. 

! 

1 

Inches. 

■| 

1 

1 Inches. 

1 

1 Inches. 

10 

75 

60 

50 

43 

37 

33 

I .30 

11 

62 

50 

31 

35 

31 

; 

28 

j 2,5 

12 

1 

52 

42 

35 

30 

i 26 

i 2.3 

21 

13 

44 

36 

30 

25 

90 

1 

1 

1 18 

18 , 

14 

38 

31 

26 

22 

19 

17 

15 

15 

33 

27 

22 

19 

1 

! 17 

15 

13 

16 

29 

23 

20 

17 1 

15 I 

13 

12 

17 

26 

21 

17 

16 

13 

12 

•. « 

18 

23 

19 

15 

13 

12 

• • 

• • 

19 

21 

17 

14 

12 

* * ! 

i 

• • 

• « 

20 

19 

16 

12 

• • 

• * 

1 

• • 

t • 

21 

17 

14 

• • 

« • 

• • 

• • 

» » 



-Ml 
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Table of Distance apart of old iron rails, broad gauge, with, camber. 


Spacing — - 


66000 

(Span) 2 X weight per sq. ft. 




1 Spaoino centre to centre for the following distributed 

2 




LOADS PER SQ. 

FT. 



eU 

in 

1 Camber. 







J ! 


80 lbs. 

100 lbs. 

120 Ibs.l 140 lbs. 

160 lbs. 

180 lbs. 

200 lbs. 

o 








Ft. 
10 1 

Inches. 

1 

Inches. 

97 

Inches. 

78 

Inches. 1 Inches. 
65 50 

Inches. 

48 

Inches. 

44 

Inches. 

39 

11 

U 

78 

64 

53 40 

40 

30 

32 

12 

* H 

68 

64 

45 39 

34 

30 

27 

13 

H 

68 

46 

38 33 

29 

26 

I 23 

1 

14 i 

2 

60 

40 

34 , 29 

25 

22 

19 

15 

1 

■ 2 h 

44 

34 

29 : 25 

21 

19 

18 

1 

16 

1 

3 

37 

i 30 

25 21 j 

19 

17 

15 

17 ; 

3^ 

33 

27 

22 1 19 

17 

15 

14 

18 ! 

j 

4 

3() 

24 

20 ; 18 

16 

13 

12 

KT 

1 

i; f 

28 

2J 

18 15 

14 

12 

1 

• • 

20 ) 

1 

. 4H 

24 

19 

10 14 

12 

I 

• • 

2U 

i 

_ ..LI 

_22 

_ ^18 

15 12 

• • 

• ■ 1 

• • 

• • 


OLD IRON RAILS AND RAIL GIRDP^RS. 


Rules :— 

(A) Metre and Broad Gauge Rails. 
W=Safe distributed load. 

\V =Safe load in lbs. ft. of span. 
L=Length, in ft. • 

I=Moment of enertia. 




Then 
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1657*] XI 

W= ---- (a) 

L2 X144 

Wx224(> 25777X1 

10 —-—- ( 6 ) 

L L3 

Example :—It is required to use the GO lbs. rails on a span of 12 ft. If the 
weight of the roof is 100 Ibs.per sq. foot. So find the spacings for rails, I = 14‘o4 
25777x1 27777x14-54 

--- 

L3 123 

-=217 lbs. 


217 


.*. Spa<-ing3 —-= 2-17 ft. centre to centre. 

TOO 

Example : —Find the No. of double headed rails required for rooting a room 
24'x 10'. The weight of roof ~1.50lbs. per aq. foot and the weight of rails=60 lbs. 

I = 20-71 


25777x20-71 

then W=-=534 lbs. 

10 X10X10 
534 

Spacing =-= 3-56 ft. 

150 


24 

No. of rails = - —1 = 6 

3-5G 

(B) Double Rail Girders. 

Let W=Safe load per foot of span. 

I=Moinent of inertia. 

L=Length in feet. 

d=depth of girder in inches. , 

S=Spacing in foot 

1x11250 W 

then W = -—-and S 

L^xd Weight of roof. 

Example :—Find the spacings for a rail girder on a 20 feet span carrying 
a roof weighing 90 lbs. per sq. foot. i 

The fiangee are joined together. 

L = 20' I = 85-3 
d=9" 

85-3x11250 

W=-=2’7 lbs. 

20 x 20 x9 
W 267 

S -- = - = 3 ft. 

90, 90 



Weight 
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Table of safe tmrking load^ on rails and rail girders in lbs, per ft. run of span. 



To calculate spacings required, divide safe load given above by weight of 
roof, &c., per square foot. ^ 

The above weight should be reduced by 25 per cent, as the rails used are 
generaly worn. • 
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To find the number of rails from the above table divide the Maximum* 
bending moment by moment of resistance. 

^ ’ Example Find the number of F. F. rails at 60 lbs. per yard which will be re 
q[uired for a girder on a span of 8'. The load on the girder will bo of ordinary 
\j class engine. 

In the above table wo find for F. F. at 60 lbs. 

M. R.. = 32-0. 

Max, B. M. on H' span = 1,34. 

1 ^ 4 - 

Number of rails roquired= ' - = 4*11. 

32*6 

The girder will bo made of 5 rails. 

Depth of metro gauge rail = 31". 

Depth of metre gauge rail girder = 6f". 

Depth of broad gauge rail = 4|". 

Doj)th of broad gauge rail girder = 0". 

Note. —Reduce the weight by 10 })er cent, for old rails. Wind pressure and 
moving load have not been considered. 



] 3 () 


MATHEMATICS. 


Signs and Symbols in ordinary use. 


-J- Plus, addition, positive, compres¬ 
sion. 

— Minus, subtraction, negative, ten¬ 
sion. 

= Equal to ; as (3)^ — 9 
^ Unequal to. * 

> Greater than ; as 5 > 3 

> Not greater than. 

< Less than ; as 3<-5. 

< Not less than. 

X Multiplied by; as 20 X 2 = 40. 


/\ Triangle, Delta. 

<X> Infinity. 

Q Circle. 

U Not parallel to. 

/~7 Parallolograra. 

Arc. 

^ Difference. 

V Squaro »'Oot. 

^ Vanes as. 

V ,Sum ol finite quantilios. 


-r Divided by ; a.s 20 -i- 4 = 5. 

; Ratio and proportion ; 

: 6 : : 9 : 15. 

( )i [ ], ^ I Vincula or brackets de¬ 
noting that all are to be 
taken together. 

Z Angle. 

J. Riglit angle. 

J. Perpendicular. 

|| Parallel t«>. 

V Bef’ause. 

Therefoie. 


TT Ratio of circumference to diani 



Cube lO'.t. 

a 

Alpha. 

/? 

Beta. 

y 

Gamma. 

e 

Theta. 

k 

Lambda. 

4 

Mu. 

W 

Omega. 


Pin. 


r 


4 
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MENTAL ARITHMETIC. 

Multiplication. 

(1) To multiply by 5, affix a cipher and divide by 2. 

Example 676x5=5^=3375. 

(2) To multiply by 25, affix two ciphers and divide by 4. 

Example ;—684 x 25=— = 17J (K). 

(3) To multiply by 75, affix two ciphers, multiply by 3 and divide by 1. 

768X300 


Example :—768x75=- 


-1 =57600. 


(4) To multiply by 12affix two ciphers and divide by 8. 

68400 

Example ;—684 X 12.J -=8oo0. 

(5) To multiply by 125, affix 3 ciphers and divide by 8. 

685000 

Example ;—685x126 = —^—= 85625. 

(6) To multiply by 250, affix 3 ciphers and divide by 4. 

Example 763 X 250 =^5^^ = 190750. 

(7) To multiply by 333i, affix 3 ciphers and divide by 3. 

Example 683 X 333i =227666f. 

t5 

(8) To multiply by 142^, affix 3 ciphers and divide by 7. 

Example 896 X102^ =128000. 


(9) 3\) multiply by 111,',, affix 3 ci])her.s and divide by 9. 

Example 675 X 111 ■ =75000. 

U 

9 (10) To multiply by any number of nines, for every 9, add a cipher and then 

subtract the multiplecand. 

Example :—6843 X 9999 -6843000—6843 =68423167. 

(11) To multiply a number of two digits by 11, insert the sum of the two 
digits between them and the result is the product. 

Example 63X11=693 32x11=352. 

When the sum of the two digits exceeds by 10 the 1 must be added to the 
left-hand figure. • 

Example ;—76 X11 = 836 and 84 X11 =924. 
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(12) To multiply by 111. 

Example ;—768x111=85248 

Right-hand figure will be .. 8 =85248 

Next sum of 8 and 6 .. 4 

Next sum of 8 , 6 , 7 with 1 carried. 2 

Next sum of 6 and 7 with 2 carried. 5 

Next 7, with 1 carried .. 8 

(13) To multiply 33, 333, etc. 

Example ;—862 x 33 

First figure =3 times 2 .. =6 

Noxt=3 (2-]-6), carrying 2 .. =4 

Next--3 ( 6 + 8 ) adding carried 2+carrying 4=4 
Next 3 X 8 adding carried 4 =28 

Ans. =28446. 

(14) To multiply any number nearly 100, 1000, etc., multii)ly by lOO^lOOO 

as the case may be and subtract as many times the multiplecand as the muJtinliflr 
is less than 100 , 1000 , etc. ^ 

Example ;—68x98 

68 X 100 =6800 subtract 2 X 68 =6800—136 = 6664. 

(15) To square a mixed number with ^ for the fraction. 

Example ; Multiply 7^ X 7^. Multiply the whole number by the figure 
higher than itself and add ^ j b 

thus 7x8=50 add |^=56][: ans. 

II. Divifiion. 


( 1 ) To divide by 5, double the dividend and divide by 10. 

XT 7 coA r 680X2 
Example ;—680+5 = — =136. 

( 2 ) To divide by 25, multiply by 4 and divide by 100. 

350X4 

Example ;—350+25=- = = 14 . 

(3) To divide by 250, multiply by 4 ai^d divide by 1000 . 

Example 875+25 = 3 . 5 . 
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III.—Squares and Square roots, 

( 1 ) To square any number of two or more digits ending with 6 . The last 
two figures of tho square are always 25, for the rest multiply the remaining 
figure by itself + !• 

Thus 26 =625 that i 8 = 25 and 2x3 
85=7225 that is 25 and 8x9 
125 = 15625 that is 25 and 12 X13 and so on, 

(2) To^quare a number of 3 or 4 digits ending in 25. The last 3 figures in 
the result are always 625, to find the rest, multiply tho first figure by 10 times 
itself +5 


thus 625^=025 and 6 x 65 =390, 625 
025^=625 and 0x95=855, 625 

(3) To square any number of two or 3 digits ending in 9 or J, multiply the 
number 1 greater than that to be squared by the number 1 loss, and add 1 , thus 

Square 39=(40 X38) +1 = 1521 
Square 5l = (50 X52)-}-l=2601 

1V. — Addition. 

To add tho numbers from 1 to say x, add (l+x) divide by 2 and multiply 
tho result by x 

thus add 1, 3, 4.to 9 

(1+9)=10 divide by 2 = +=5 
Ans. 5X9=45. 

General Memoranda. 

Radius. Mass 

Earth . .3960 miles. 5‘9x 1021 

Moon ..1081 „ 7-3X1019 

Sun ..4-3X105 1*9x1027 

Distance of earth from sun=9*2 X lO^ miles. 

• Distance of moon from earth=2-4 xlO® miles. 

Mean solar second = ——of mean solar day. 

86400 

Side real day = 86164*1 mean solar seconds. 

Length of second pendulum on equator=39*013 inches. 

Length of second pendulum at from equator=39*il8 inches. 

Attraction of 0arth=32 ft. per second=g. 
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MENSURATION. 


Square 


a 


71 

A 

w 

kl._ 


DiagODaI= d =^2 X a ;a 

A 

Area = a* ~ — 





Rl^ht 
angled P 
triangle 


Triangle 




a *4- b -(• c =5 
/\.aarea 


Medians, p, 9,ri 


EquHlateraf 

inangte 

itotcejes. 

triangia 


Farsiieio 
gruiD ' 



area gb = = 62 tan a ^ c3 Sin 2 a 

Vl>- -{-62 — 6 sec « = ^ cosec a 

Area = A — 2 ~ <> ~ — -T ~ 2 ^ 

_ 66 

2 ~Sin a 

2 /- - _ - ___ 

p' ~ perpendicular — v (^~—a) {s — 6 ) (c—c} = - A 




s> 


? * 


V s (,9—0) ( 5 - 6 ) (c-a)=^A 

6 


v* (.s-.-a) ( 5 - 6 ) ( 6 —«)= 2_A 


Arc. = i ap'= i 

= i «6 Sin C=. ““ ' 

Sill A 

V 2 _(t<l,-' t 7 ^. )-(p. + „ 

- i V (;>+?+ r) (‘r +p-y, 

h ~ a y V i Ai ea = ^2 x "X/ 2 


Area ~ 4 -x/^ a 3 63. 


Area = ah — ab Sin a — \ d'd" Sin B 
are ' Ti! « _ ^ 

P d 2 

Area = 2y/s 
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ILhombnf 



Qaftdii* 

lateral 



T rapeaoid 



Quadri* 
lateral 
iii a 
dirclf 



4rea = ^ d'd" 

Aiea — \ d (jp'+ p") 

= i AC X BD Sin a = J d'd' Sin a 
— i (^' — C“ + «2 — a- ) tan a 

Area = ^ A a + 6 

ii-\~ b -j- c -f* 

Area = 's/ (s—a) {s—b) (s—c) (s~d) 


ATm » o/E quilatbeal AND E<^uiangi LAE Fuji EEs. 


Name of figure. I 'H 

I OD 

r 


}zi 


Equilateral tri¬ 


angle 

3 

Square 

4 

Pentagon 

5 

Hexagon 

6 

Septagon 

7 

Octagon 

8 

Non agon 

9 

Decagon 

10 

Eleven sided 

11 

Twelve sided 

12 




1-299 

1-000 

•908 

*800 


■828 

•818 

•812 

•807 

•803 
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f circumference 

Diameter = 2r = —- 

TT 



Chord of 4 arc = b = \/h^— 2 rh 

2 « 

Arc = / = X 2 ’T (approximately) 

= 26+1 (f 6 — c) [ practical ] 
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Tabu for finding the length of an arc when the angle at the centre and radius 

are given, 

llvLB. —Multiply the figure opposite to the given angle by the radius, the 
product will bo the length of the arc ; if there are minutes and seconds besides 
degrees, add together the figures opposite to degrees, minutes and seconds, and 
multiply the sum by the radius, the product w'ill be the length of the arc. 


Angle. 

Length of 
arc in ft. 
=Kadiu 8 X 

Angle. 

Length of 
arc in ft. 
—Radius X 

Angle. 

Length of 
arc in ft. 

=Radius X 

Angle. 

Length of 
arc in ft. 

=Radius X 

Deg. 


Dog. 


Deg. 

• 

Deg. 


1 

1 0174533 

13 

•2268928 

25 

•4363323 

37 

•6457718 

2 

i -0.349! )66 

14 

■244.‘1461 

26 

•4537856 

38 

•6632251 

3 

! -0523599 

15 

'2617994 

27 

•4712389 

39 

•6806784 

4 

! -0698132 

16 

'2792.527 

28 

•4886922 

40 

•6981317 


1 -0872665 

17 

'2967060 

29 

•5061455 

41 

•7155350 

(3 

i -1047198 

1 

18 

•3141593 

.30 

■52.35988 

42 

■7330383 

7 

! -1221730 

19 

',3316126 

31 

•5410521 

43 

•7504916 

8 

1 '1396263 

20 

•3490659 

.32 

•5585054 

44 

'7679449 

9 

! -1570896 

' il 

■3665191 

33 

•5759587 

45 

'7853982 

10 

i -1745329 

22 

'3839724 

34 

•5934119 

46 

'8028515 

11 

, -1919862 

23 

•4014257 

35 

•0108652 

47 

•8203047 

J 2 

•2094395 j 

24 

j 

•4188790 

36 

•6283185 

i 

48 

•8377580 

49 1 

i '8552113 

60 

1-0471976 

71 

1*2319838 

81 

1-4137167 

oO 1 

'8726646 

61 

1 -0646508 

72 

1-2566371 

82 

1-4311700 

ol 1 

•89:)1179 

62 

1-0821041 

73 

1-2740904 

83 

1-4486233 

52 j 

•9075712 

63 

1*0995674 

74 

1-2915436 

84 

1 '4660766 

* 53 

♦9250245 

64 

1-1170107 

75 

1 -3089969 

85 

1-4835299 

54 

•9424778 

65 

1-1344640 

76 

1 '3264502 

86 

1-5009832 

55 

•9599311 

66 

11619173 

77 

1-3439035 

87 

1-5184364 

56 

•9773844 

67 

1-1693706 

78 

1-3613568 

88 

1*5358897 

57 

•9948377 

68 

1-1868239 

79 

1-.3788101 

89 

1-5533430 

58 

1-0122910 

69 

1-2042772 

80 

1-3962634 

90 

• 1-5707963 

59 

» 

1-0297443 1 

70 

1 

1 

l-22173f5 











Table for finding thf- length of au arc when the angle at the centre and radius 

are given. —<:oacld. 


Angle 

Length of 
arc in ft. 
= Radius X 

Angle. 

1 Length of 
1 arc in ft. 
j=RadiusX 

Angle. 

I^engtli of 
are in ft, 

=Radius X 

Anglo. 

Length of 
are in ft. 

=Radius X 

Mt. 


Mt. 


Mt. 


Mt. 

1 

1 

•0002909 

18 

i •0052360 

35 

•0101811 

51 

•01483.53 


•0005818 

19 

! -00.75269 

36 

■0104720 

52 

*0151262 

3 

•0008727 

2(» 

1 •0058178 

37 

•0107029 

53 

*0154171 

4 

•00116:16 

21 

•0061087 

38 

•0110538 

54 

*0157080 

i) 

*0014.744 

•>•> 

; -006399.7 

39 

*0113446 

55 

*0159989 

a 

•00174.73 

w* J 

I -0066904 

40 

•01163.55 

56 

•0162897 

7 

•0020362 

:-’4. 

' -0069813 

41 

•0119261 

.77 

*0165806 

8 

•002:1271 

2.7 

*0072722 

42 

•0122173 

58 

*0168716 

9 

•0026480 

26 

, -(M) 75631 

43 

■0125082 

59 

‘0171624 

10 

•0029089 

27 

: •0078540 

44 

*0127991 

60 

•01745:33 

11 

*0031998 

28 

: -0081449 

45 

•0130900 

second 


12 

*0034907 

29 

•0084358 

46 

•0133860 i 

10 1 

*0000486 

la 

*003781.7 

30 

•0087266 

47 

•01:36717 

20 1 

’fMX)097(> 

14 

•0040724 

31 

■009!H7.7 

48 

•0139626 ' 

,30 

*00014.74 

15 

•0043633 

32 

*009:1084 

49 

*0142535 

40 

*00019:19 

16 

17 

•0046.742 

■0049451 

.33 

34 

•0095993 

■0098902 

50 

•0145444 

50 

1 

i 

*0002421 



Length ot arc=L=^ (8Xc-—(7) approx. 

% 

C —chord of arc, c=chord of ^ arc. 


The above method isj v'ery approximate, to get correct results multiply by 
the multiplier given against Rise ~ Chord. 



Rise 1 


1 

, Rise 

Multiplier. 

Chord. 

1 

Multiplier. 

Chord. 

1*00012 

•125' 

J-001.7 

*25 

1-00005 

•1 i 

1*0007 

o 


i Rise KiijO 

Multiplier. Chord.| Multiplier. Chord. 

- 1 - 

1W38 -rm: 1*012 -5 

1*0028 .3 ( 1*00651 *4 



Area of Sector=^ ^ ^ 

Area of Circular ring = (R 2 _|-r 2 ^«- = (R-f r) t y.v. 
Area of Segment =(^+|cA)*PPfOX. 



At m oj segment of a circle—{diameter) 2 X X 


V--=: Verried sine. 


1) = Diameter. 


V 

D 

X 

V 

X 

V 

D 

X 

! 

i 

V 

1 

1 

1 

X 

■ 

X 

•01 

•001329 

•11 

•047006 

•21 

•119898 

•31 

•207376 

•41 

•;103187 

•(►2 

•003749 

•12 

•053385 

22 

•128114 

•32 

•216666 

■42 

•3i:io42 

•o;} 

•000866 

•13 

•059999 

•23 

•136465 

•33 

* -226034 

•43 

•32292ft 

•04 

•010338 

•14 

•066833 

-24 

•144945 

•34 

•2:15473 

•44 

•332843 

•Oo 

•014681 

•15 

•073875 

•25 

•153546 

•35 

■244980 

•45 

•:i42783 

*00 

•019239 

■16 

•081112 

•26 

•162263 

•36 

•254551 

•46 

•352742 

•07 

•024168 

•17 

•088536 

•27 

•171090 

•37 

•264179 

•47 

•;162717 

•08 

•029435 

•18 

•095135 

•28 

•180020 

•38 

•273861 

•48 

•372704 

•0!) 

•035012 

•19 

•103900 

•29 

•189048 

•39 

•283523 

•49 

•382700 


•040875 

•20 i 

I 

•111824 

•30 

1 

•198168 

•to 

•293370 

•50 

•393699 



Zoile ABGCDEA =Circle—Segment AFB 

—Segnient CHD 

— 2 ("Segment AED+trojiezoid A BCD. 


Lime ACBDA — Segment ADB—Segment ACB. 


L = parabolic curve = 2x \/o'' + ^ X h'^ 
Area of parabolic segment =. 2chX § (large) 

„ „ », —2ah'X § (.small). 

Area of zone MNVU — ] (cA— ah') 

MN« — UVI 
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Simpson's Buie. 

2n+l / 2n—3 

4K»=irp'+^ +2Vp»+p5+....+p 

3 L 

aC ( 2n-2 2n\-| 

2n—l\+4Vi>2+j)4+j)6^.- + 1 > /J 

+ ;> / 


Area=D d X 

2 


lengths ru or sd — 


(cmj) 2 : (o6)2 : ; cvXtJW ; {rv)^. rv= 


\/ ab^ X cv X vw 
{cvt^^ 



Div by 

6d 

9- 

U 

9*2 

Sd 

9-3 

9d 

9-35 

lOd! 

9*4 

12d 

9*5 

Ud 

9-6 

ind 

9-68 

18d 

9-75 

20d 

9-8 

25d 

9-87 

30d 

9-92 

40d 

9-98 

50d 

10-04 

10*10 


4 .e., rt’: 


^^y/cvxvw \ 8d=*'^'\/bs x sa 
*"• ah 


= K ®+0 =•" p' 

= 2-2215\/fiHrf'2=2x\/l>2 + 1*4674 d^ 


circum = 

““2 ““"8^8 

D is less than od^ if D is greater than 5d» divide 
by the number given in the margin instead of 8*^ 


70d 10*17 

80d ' 10-23 

lOOd 10-35 


Area of parabola : Base X | height. 





Volume 

Surface 

Volume 

Surface 



Volume 

Area 

Volume 

Volume 

Surface 

Volume 

Volume 
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! a® X 6 = Surface 
:aXoXas=a3=z Volume 

= (a+6+c) xAs= Surface 
= A X h = Volume 

base X h 

= 2r7r X ^+ 2 r 2 ^ 

— r^'ir X h 


s=s u»Kc -f- uuavoAity 

— r2 TT -I- 2 TTr x^ 


A2 + r2 


= r2 TT -f Trr x V + A2 

= IT X h 

1 

=R2 tt -f- r2 TT ^ “n/ ^ 

X 2 TT (H + r) 

= A^A a "H'v/ Act ^ 


_ Base X hei ght 

= A -j- a 4- sides 
=--- (a + a +')/'al< aJ 

2 b + c ^ g X H 
3 
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Spheres or Globes. 

Volume =s Trr^ r=4'1888 r2 

= J 7^1)3 = 0-6236 D3 

= S = -OlfiSO (ciroura.) 

7r'i 

= J D X area of surfaic 
= f D X ai-ea of great circle 
= I X volume of circumscribing Cylinder 
= f X ^ X D 

= •6230 X volume of circumscribing cube 
i4rea of surface = 4 tt ^ D 2 
_ (circum.)^ 

IT 

=?: D X (circumforerice), 

= 4 X area of great circle. 

= curved surface of circumscribing cylinder 
(J X vol. 

= "D 


Particulars of Spheres. 


Diam. 

Surface. 

Solidity. 

Diam. 

Surface. 

Solidity. 

' ( 

Diam. jSurface. 

1 

Soliditj'. 

.1. 

•01227 

•00013 

li 

.V9396 

1-3611 

• 7^ 

176-71 

220*89 

i 

•04909 

•00102 


7-0686 

1-7671 

8 

201-06 

268-08 


•11045 

•00345 

i 

8-2957 

2-2468 

1 

220-98 

321-66 


•19635 

•06618 

1 

9‘62il 

2-8062 

9 

254-47 

381-70 

1 

IK 

•30680 

•00598 

l 

11 044 

3-4514 

k 

283-53 

448-92 

t 

•44179 

•02760 

•> 

w 

12*566 

4-1888 

10 

314-16 

523-60 

7J 

1 

•60132 

•04385 

i 

15-904 

5-9641 

■ 11 

380-l;{ 

696-91 


•78640 

•06646 

a- 

CO 

8-1813 

12 

452'39 

904-78 

“b 

•99403 

•09319 


2:3*758 

10-889 

13 

530-93 

1150-3 

1 

1-2272 

•127^3 

3 

28'274 

14-137 

14 

616-75 

1436-8 

U 

1-4849 

•17014 


38-484 

22-449 

15 

706-85 

1767-f 

i 

1'7671 

•22089 

4 

50*265 

33-510 

16 

804-26 

2144-7 

1 < 

1 h 

2-0739 

•28084 

i 


47-713 

17 

907-93 

2572-4 

i 

2*4053 

•36077 

5 

78-540 

65-460 

18 

1017-9 

3053-6 

1 

2-7611 

•43143 

k 

95-033 

87-113 

19 

1134-1 

3591-4 

1 

3-1416 

•52360 

6 

113-10 

113-10 

20 

1256-7 

4188*8 

i 

3-9761 

•74551 

h 

132-73 

143-79 

25 

1963-6 

8180-3 

i 

4-9088 

•10227 

7 

153*94 

4 

179-59 

30 

2827-4 

14137 





f 
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Table of Volumes of Sphere. 


Diara. 

•0 

•1 

•2 

•3 

•4 

•6 

•6 

1 

1 

1 

•7 

•8 

1 

•9 

0 


•0006 

•004 

•014 

•034 

•065 

•11 • 

•18 

•27 

-38 

J 

•524 

•70 j 

•90 I 

115 

1-44 

•177 

2J5 

2*57 

3 06 

3-69 

2 

419 

4-86 

5-57 

6-37 

7-24 

8-18 


10-31 

11-49 

12'77 

3 

14-14 

15-6 

17-2 

18-8 

20‘58 

22-5 

24-4 

26-5 

28*73 

311 

4 

33-5 

361 

38-8 

41-6 

44-6 

47-7 

51-0 

54-4 

67-9 

61-6 

5 

65-45 

69-6 

73-6 

77-9 

82*45 

87-1 

1 91-9 

97* 

102-2 

107-6 

1 


‘ 5 KEGULAR SOLIDS ” 


Tetrahedron 


Octahedron 


Icosahedron 



Table , nf Volxjmes of Equilateral and Equiangular Solids. 


No. of 
si^e.<5. 

Radius of outer 
circle side X 

Radius of inner 
circle=.5ido X 

Area=(side) X 

Volume = 
(side)-* X 

4 

-6124 

•2041 

1 1-7320 

•1178 

6 

•8660 

-5000 

! 6-000 

1 -000 

8 

•7071 

*4082 

3-4641 

0*4714 

12 

1-4012 

ril35 

20-6468 

7-6631 

20 

•9510 

•7558 

• 

8-660 

2-1817 
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Formula for finding areas and volumes of Bodies, . 



1 Sphere, 2 Sector of sphere, 3 Segmenl^of sphere, 4 Ellipsoid, 5 Ring, 6 Link 
7 Elliptic link, 8 Paraboloid. 
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Table of multipliers for regular polygons. 


No. Cl sides. 

Name of the polygon. 

Radius of 
the cir¬ 
cumscrib¬ 
ing circle, 
that, of the, 
inscribed 
being 1. 

! 1 

Side of the 
polygon 
radius of 
the cir¬ 
cumscrib¬ 
ing circle 
being 1. 

! 

Radius of 
the cir¬ 
cumscrib¬ 
ing circle 
the side 
being 1. 

Area = side* 
X 

1 

1 

1 

3 i 

1 

i 

1 Trigon 

1 

1 

2-000 

1 

1-732 

1 

0-577 ' 

0-433 

4 

i 

Totrogon 

• • 

1-410 

1-414 1 

1 

0-707 

• 

1000 

1 

^ I 

o 

Pentagon 

1 

.! 

1-230 

1-175 

0-850 

1-720 

C 

Hexagon 


1-150 

1-000 1 

1-000 

2-598 

7 

j Heptagon 

• • 

TllO 

-867 

1-152 

3-633 

8 

Octagon 

• • 

1 -080 

-765 

1-306 

4-828 

9 

Nonagon 

« • 

1-060 

-684 

1-461 

6-181 

10 

J)ec.agon 

• t 

1-050 

-618 

1-618 

7*690 

11 

• 

Undecagon 

« • 

1040 

'563 

1-774 

9-365 

12 

Duodecagon 

• • 

1 -035 

•517 

1-931 

11-196 

13 

Tredecagon 

• • 

1-029 

-478 

2-089 

13-185 

14 

Tetradecagon 

• • 

1-025 

-445 1 

2-246 

1 

15-334 

1 

1 

15 

Pentadecagon 

• * 

1-022 

1 

•415 

1 

2-404 

* 

17-642 

16 

• 

Hexadecagon 

• • 

1-019 

•390 

2-502 

20-109 

17 

Hoptadecagon 

• « 

1-017 

•367 

2-721 

22*735 

18 

Octadecagon 

• • 

1-015 

1 -347 

2-879 

25*526 

19 

Nonadecagon 

• • 

1-013 

-329 

3-037 

28-465 

20 

Elcosagon 

t • 

1-^12 

•312 

3*196 

31-568 
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TRIGONOMETRY. 


4 


porpeu'iicular p 
me c— j^ypotenuse ~ h * 
base 6 

Co-sme °-“j|ypotenuso h * 



l,erpena..i.lar ^ 1 , hypotenuse , h 

Tangent o=‘ -*-r =-r'- secant o= (, 


base b 

hypotenuse __ h 


co-secant c perpoiulieulnr p 


hiise o r hypotouuse _ h _ 

CO.tangent —■ f co-seeant c= „ 

b Jl~b 

Versed sine c — I—eo-siiio c -= 1—■ 

Qo-versed sme c— I —sine c = 1- E^:=s J . L F 

h h 

Supplement of an Angle A =180®—A 

bin ^18.)— A) ~ sin A ; cos (180 — A) = — cos A ; 

Tan (180—A) — - - tan A ; cot (I So - — A) = — cot A ; 

Sec (18J A) - - -,oc A ; cosoc (ISO— A) - tiosec* A ; 

Complement of an Angle A= 90°—A :— 

Sm (00—A) = cos A ; tan (9J—A) -- cot A. sac (W—A) = cosec A. 

Explemont of an angle A ==300—A. 































Trigonometrieal Equivalents 



cos 

tan I 


^ /T 



tan 


Olll 

cot” 

sec ** cosec 

VI 

—(cos) 2 

SS 

V 1 -ftan2 



sin 

1 

cot 


^jirs 


1 


Cos 

tan 

sec ” 

5CC 


(sin 

)^ ~ -y/ J -f tan* 


Tan 

sin 

1 




Cot 

cos 1 

os 

cos 

cot 

VI 

~~0 

=jin)2 » 

sin~~ tan “ V i — 

^cos)2 


1 

tan 


1 



1 cot 

1 

fjec 

“ cos 

~ si n ~ 


- (sin)2- • 

<jin cos a/i 

— (cOS)2 


Sin2 ^ -f Cos2 ^ = I ; Soo ^ X Cos (9=1; tan ^ x cot ^ =1 

Sin 0 X cosec $= I ; 1 + tan^ g = SocZ i -j- cot 2 _ cosee2 f) 

Solution of triangles. 


(n) Righl-angkd triangle. 
TiC =ABi‘OsB 
= AB sin A 

= AC tan A 
AC cot B 


b 



AC =ABsinB 
= AB oos A 
- BC tan B 
BC-cotA 

A 9U — B ; B ^9 > - A ; A 
{b) Any tiianglc. 


A B BC sw B 
— AC nee A 
- AC cosoo B 
= BC cosec: A 
B j- (: ^ I 81. 


sin C 


Sin A sin B 

b c 

a2 = 62 c2 -- 26 c eos A 

^ A- B a—6 A B 

tan tan 

2 a-j-b 


tan 


(s-a) 

when r = \/(s—a) ( 5 — 6 ) (5—c) 


(a + b + c) i 

c2 -J- 62—fls2 

2 be 


cos A 


fin terms of three sides) 



a sin C a sin B 
= 6^ cos C == "c-a cos B 


tan A = 


tan B 4- tan C 
tan B tan C—1 


[ A + B + C = 180® ] 


Areas of plane triangles. 

oc sin A ah sin C ca sin B 

A= —2- = '■ 2- = - 1 ~ ^ 


S = I sum of sides = 


a 4* 6 + c 


Area = \/S ( S--a) (S—6) (S—c) 


Properties of 

= 3:14159266 ^ 


=- -31830989 


•01745.329 


y 



= 1-46459189 


= -68278406. 


= 57-2957795 ’t y' 


= 4-1428829 


fl-2 = 9-8696044 0 


= 2-2214415 


= 0-10132118 


= 1-77245386 


\/ ir 


1-2533441 


r/~r= -56418958 

V' TT 


= -79780 


Table showing the me of Signs + and in Trigonorndn/. 



Quadrant 


Sine 
Co* sine 


Tansjent 


Co-tangent 


Secant 


Co-secant 
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Tabu of natural Sines^ Co-sines, dkc., to a radius 1. 


Note.—F or angles less than 45°, read from top to bottom and for those 
greater than 45° from bottom to top. 


Degrees. 

Sine. 

Co-siue. 

Tang. 

Co-tang. 

Secant. 

Co-secant. 

D<^rees. 

0 

•000 


•000 

infinite. 


infinite. 

90 

1 

•017 


•017 

57‘29 

l-OOOl 

57-3 

89 

2 

•035 


•035 

28-64 

r0006 

28-66 

88 

:i 

•052 

•999 

•052 

19-08 

TOO 14 

1911 

87 

4 

•070 

•998 

•070 

14-30 

1-0024 

14-34 

86 

.> 

•087 

•996 

•087 

11-43 


ir47 

85 

« 

•105 

•995 

•105 

9-51 

r0055 

9-57 

84 

7 

•122 

•993 

•123 

814 

1 •0075« 

8-21 

83 

8 

•137 

•990 

•141 

712 

1-0098 

719 

82 

0 

•150 

•988 

•158 

0-32 

10125 

6-39 

81 

10 

•174 

■985 

•176 

5-67 

roi54 

5-76 

80 

11 

•101 

•982 

•194 

.5-14 


5-24 

79 

12 

•208 

•978 

•213 

4-70 

1-0223 

4-81 

78 

13 

•225 

■974 

•231 

4‘33 

r0203 

4*45 

77 

. 14 

■242 

■970 

■249 

4-(» 

1 0306 

4-13 

76 

15 

•259 

•966 

•268 

3-73 

r0353 

3-86 

75 

16 

•270 

•961 

•287 

3 49 

1*0403 

3-63 

74 

17 

•292 

•956 

•306 

3-27 

1 -0457 

3-42 

73 

18 

•309 

•951 

•325 


1-0515 

3*24 

72 

19 

•320 

•94()' 

■:)44 

2-90 

1 0576 

3*07 

71 

20 

•342 

•940 

•364 

2-74 

1-0642 


70 

21 

•358 

•934 

•384 

2-01 

1-012 

2-79 

69 


•375 

•927 

■404 

2-48 

r0785 

207 

68 

23 

•391 

•921 

•424 

2-30 

1-0863 

2-66 

67 

24 

•407 

•014 

•445 

2-25 

1-0946 

2*46 

66 

25 

•423 

•900 

•406 

2-14 

1-1033 

2-37 

65 

26 

•438 

•899 

•488 

2-05 

1-1126 

2-28 

64 

27 

•454 

•891 

•510 

TOO 

1-1223 

2-20 

63 

28 

•469 

•883 

•532 

1-88 

1-1326 

2*13 

62 

•29 

•485 

•875 

•5.54 

1*80 

11434 

2-06 

61 

30 

-.500 

•866 

•577 

1 -73 

1 -1547 

2-00 

60 

31 

•515 

•857 

•601 

1-66 

1-1666 

1*94 

59 

32 

•530 

•848 

•625 

1-69 

1-1792 

1-89 

68 

33 

•545 

•839 

•649 

1*54 

11924 

1-84 

67 

34 

•560 

•820 

•675 

1-48 

1-2062 

1-79 

56 

35 

: 

•574 

•819 


1*43 

1-2207 

1-74 

55 


Degrees. 'Co-sine Sine. 


0 


Tang. ICo-secant 


Secant. 


Degrees. 
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Degrees. 

Sine. 

Co-sine. 

Tang. 

Co-tang. 

Secant. 

Co-secant. 

Degrees. 

36 

*588 

■809 

•727 

1*38 

J -2361 

■IHRII 

54 

37 

*602 

•799 

•754 

1-.33 

1*2521 


53 

38 

•616 

•788 

•781 

1-28 

1-2600 


52 

30 

•620 

•777 

•«io 

1 -23 

1*2868 

1-59 

51 

40 

•643 

*766 

•830 

ri9 

1-3054 

1*56 

50 

41 

*656 

•755 

•869 

ri5 

r;j25o 

1-52 

49 

42 


•743 

‘900 

l-ll 

1-3456 

1-49 

48 

43 

•682 

'731 

•933 

1-07 

1 -3673 

1-47 

47 

44 

•695 

•710 

•906 

1-04 

1 -3902 

1-44 

46 

45 

•707 

•707 

rooo 


1*4142 

1-41 

45 

Degrees.! 

Co-sine 

Sine, 

Go-tang. ! 

Tang. Co-secant 

Secant. 

Degrees. 


Tho above table ^ivoa the values of detjroes of sines and co-sines only. In 
case the valu., for minutes is required, it should be found by proportion. 
Example {J ). To find the value of sines of 2.>° ”2'^. 


The above table aives 25“ = '423. 

2fi“ = - 438 . 

Difference =’0]5 for I® 

T^^a ^ 20 X-016 

•. Difference for 20 = -^ 7 - =’006 

oO 

Value of 25'’ ’20'= ’423 +’005 = ’428. 

Example (2). To find thearea of a triangle whose sides are, 6 =10andc'=al5' 
and tho angle subtended A by these 25“ ’ 20 '. 

Area=^b csinA=Jxl0x 16 X sin 25“’20'=75 x *428 =32*1 sq.ft. 

LOGARITHMS. 

If = m, then x is called the logarithm of m to tho base a, or a; = log_ m 
111 all the numerioal calculations the base generally taken is 10 . ^ 

The tables given further on are to this base only. 

Following four properties of Logarithms are very useful. 

1 . log.^ (ma)=log^ wi+log^ n, 2 . log^^ “=log^ w—log^^ n 


3. log^ m =rlog^ m, 


*■ 



The logarithms were originally invented to abbreviate arithmetical calcula¬ 
tions, involving multiplication, division, involutions and evolutions, &o., ac is 
shown by examples below. 

A logarithm consists of two parts, tho integral part is called tho characteristic, 
and the fractional or deciinjil part, the mantissa. For all tho numbers from 0 
to 10 tho characteristic isO ; for the numbers from 10 to 100 it is 1 ; from 100 to 
1,000 it is 2 and so on. 

Tho mantissa for all the numbers having tho same digits, no matter whore the 
decimal point may be, remains the same ,* J;hu3 for e.xample :— 

log ’25613=1’40846, log 2’5()13=0’4084(>, log 25*613 = r40846. 
log 256-13 =2*40846, log 2501-3 =3*40840, log 25613 =4*40846. 
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All the above logarithms liavo the same mantissa which is always positive. 
1’he characteristic changes according as the integral part changes. If the inte¬ 
gral part is 0, the characteristics—I or 1 as it is more conveniently represented; 
if 1, it is 0 ; if 2, it is I, and so on, i. e., the characteristic is always I less than the 
number of digits in the integral part of a number. Consequently the characteris¬ 
tic is always traceable at a look. It is, therefore, that the characteristic is never 
given in the tables ; it is always the mantissa which is given. For instance, to 
find log 312, we find the mantissa from tables which is '49415, and to this we 
add 2 the characteristic [3 (number of integers in the number)—1].'. log 312 = 
2*49415. 

Example :—Multiply 212 + 315. 

Log (212 X 315) = log 212 -f log 315 = 2*49831 f 2*32634 = 4*82465 

Ante log of 4*82465 = 66780 

.*. 212 X 315 - 66780. 

Example 2. Divide 9990 by 220 • 

Log^^?? = log 9990—log 220 = 3*99957—2*34636 


Ante log = 45 = 1*65322 
9990 ,. 

• • 220 

Example 3. Find the value of (20*3'’) 

Log (20-3)= 5 log 20*3 = 5X 1*30750 = 6*63750 
Ante log = 3447000 ; (20*3) = 3447000 (approx.). 


The following table, has 2 numbers in the left-hand column; and the third, 
on top horizontal colundn. The last vertical column shows difference for 1, 
from which we can find logarithms for the 4th and 6th digits of the number 
as shewn in the example. 

Logarithm of Numbers from 0 to 1000. 



I : 

I 

0 0 looooo [30103 

10 00000100432 1)0860 

11 04139 04532 04922 
12(17918 08279 08636 

13 11394 11727 12057 

14 14613 14922 15229 
1.5117609 17898 18184 

16 20412 20683 20952 

17 23045 2330.) 23553 

18 25527 25768 26007 
19127875 28103 28330 
20i30I03 30320 30535 


147712 60206 69897 
101284 01703 02119 
!05308 05690 06070 
,'(>8991 09342 09691 
! 12385 12710 13033 
15534 15836 16137 
18469 18752 19033 
21219 21484 21748 
23806 24055 24304 
26245 26482 26717 
28^56 28780 19003 
30750 30963 31175 


177815 
02531 
06446 
10037 
13354 
16435 
19312 
22011 
24551 
26951 
29226 
*31387 


I i I 

84510 190309 195424 i .. 

02938 03342 03743 ! 415 

06819 07188 !075.55 379 

10380 10721 11059 .344 

13672 13988 11301 .323 

16732 17026 17319 298 

19590 19866 20140 281 

22272 22531 22789 264 

24797 25042 2.5285 249 

27184 27416 27646 234 

29447 29667 29885 222 

31597 31806 .32015 J 212 
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Logarithm of Numherm from 0 to 1000—(continued). 


No. 

0 

1 

■ 

BB 

6 

6 

7 

i 8 

1 

9 

Prop. 1 

21 

32222 

32428 

32634 

32838 

33041 

33244 

33445 

33646 

1 ' 

[33846 

34044 

202 

22 

34242 

34439 

34635 

34830 

35025 

35218 

35411 

35603 

35793 

35984 

193 

23 

36173 

36361 

36549 

36736 

36922 

37107 

37291 

37475 

[37688 

37840 

135 

24 

38021 

38202 

38382 

38561 

38739 

38917 

39094 

39270 

39445 

39620 

177 

25 

39794 

39967 

40140 

40312 

40483 

40654 

40824 

40993 

,41162 

41330 

170 

26 

41497 

41664 

41830 

41996 

42160 

42325 

42488 

42651 

!42813 

42975 

164 

27 

43136 

43297 

43457 

43616 

43775 

43933 

44091 

44248 

44404 

44560 

168 

28 

44716 

44871 

45025 

45179 

45332 

45484 

45637 

45788 

45939 

46090 

163 

29 

46240 

46389 

46538 

46687 

46835 

46982 

47129 

47276 

'47422 j 

47567 

148 

30 

47712 

17857 

48001 

48144 

48287 

48430 

48572 

48714 

148855 i 

48996 

143 

31 

49136 

49276 

49415 

49554 

49693 

49831 

49831 

50106 150243 

50379 

138 

32 

50515 

50651 

50786 

50920 

51055 

51189 

51189 1 

51455 151587 

51720 

134 

33 

51851 

51983 

152114 

52244 

[52375 j 

52504 

[52634 1 

52763 

[52892 

53020 

130 

34 

53148 

53275 

53403 

.53529 

[53656 

53782 

,53908 

54033 

[54158 

54283 i 

126 

35 

54407 

54531 


54777 

54900 ! 

55023 

55145 

55267 

55388 

55509 

122 

36 

55630 

55751 

55 871 

55991 

56110 

156229 

56348 

5tH467 

156585 

56703 

119 

37 

56820 

50937 

57054 

57171 

57287 

57403 

57519 

57634 

|57740 

57864 

116 

38 

57978 

58093 

58200 

58320 

58433 

58546 

58659 

58771 

158883 

58995 

113 

39 

59106 ; 

59218 

59329 

59439 

59550 

59960 

59770 

59879 

[59988 

60097 

no 

40 

60206 

60314 

60423 

60531 

60638 

60746 

60853 

60959 ■ 

[61066 

61172 

107 

41 

61278 

61384 

61490 

61595 

61700 

61805 

61909 

62014 

62118 

62221 

104 

42 

62325 

62428 

62531 

62634 

62737 

62839 

62941 

63043 ' 

63144 

63246 

102 

43 

63347 

63448 

63548 

63649 

63749 

63849 

63949 

64048 

64147 

64246 

99 

44 

64345 

64444 

64542 

6-4640 

64738 

64836 

(34933 

65031 

65128 

65225 

98 

45 

65322 

65418 

65514 

65610 

65706 

65801 

65896 

65992 

06087 

66181 i 

96 

46 

66276 

66370 

66464 

66558 

66652 

66745 

66839 

66932 

67025 

67117 1 

95 

47 

67210 

67302 

67394 

67486 

67578 

67669 

67761 

67852 

67943 i 

68034 ' 

92 

48 

68124 

68215 

68305 

08395 

68485 

68574 

68064 

68753 :68S42 1 

68931 

90 

49 

69020 

69108 

60197 

69285 

69373 

69461 

69548 

69636 1 

69723 

69810 

88 

.51) 

69897 

69984 

70070 

70157 

70243 

70329 

70415 

70501 

70586 

70672 

86 

51 

70757 

70842 

70927 

71012 

71096 

71181 

71265 

71349 

71433 

71617 

84 

52 

71600 

71684 

71767 

71850 

71933 

72016 

72099 

72181 

72263 

72346 

82 

53 

72428 

72509 

72591 

72673 

72754 

72835 

72916 

72997 

73078 

73159 

481 

54 

73239 

73320 

73400 

73480 

73560 

73640 

73719 

73799 

73879 

73957 

80 

55 

74036 

74115 

74194 

74273 

74351 

74429 

74501 

74586 

74663 

74741 

78 

56 

74819 

74896 

74974 

75051 

75128 

75205 

75282 

75358 

75435 

75511 

77 

57 

75587 

75664 

75740 

75815 

75891 

76967 

76042 

76118 

76193 [76268 

75 

58 

76343 

76418 

76492 

76567 

766 1 

76716 

76790 

76864 

76938 

77012 

74 

59 

77085 

77159 

77232 

77305 

77379 

77462 

77525 

77597 

[77670 

77743 

73 

60 

77816 

77887 

77960 

78032 

78104 

78176 

78247 

[78319 

78390 

78462 

72 
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Logarithm of Numbem from 0 to 1000—(concluded). 


No. 

1 

1 '' 

! 1 


3 

i 

i ^ 

! 

i 

6 

1 7 

i 

8 

1 

1 

9 

1^ 

(51 

78533 

78604 

1 

78675 

78746 

78817 

78888 

' \ 

78958 79029 79099 

79169 

71 

62 

79239 

79.309 

79379 

79449 

79518 

79588 

79657 

79727 

79796 

79865 

70 

63 

79934 

80003 

80072 

80140 

80209 

80277 

80346 

180414 

80482 

80550 

69 

64 

80618 

80686 

80754 

80821 

80889 

80956 

81023 

81090 

81158 

81224 

68 

65 

81291 

81358 

81425 

81491 

81558 

81624 

81690 

81757 

81823 

81889 

67 

66 

81954 

82020 

82086 

82151 

82217 

; 82282 

82347 

82413 

82478 

82.543 

66 

67 

82607 

82672 

82737 

82802 

82866 

'829.30 

82995 

83059 

■83123 

83187 

64 

68 

83251 

83316 

83378 

83442 

83506 

; 83569 

83632 

83696 

83759 

83822 

63 

69 

83885 

83948 

84011 

84073 

86136 

'84198 

84261 

84^3 

84386 

84448 

63 

70 

84510 

84572 

84634 

84696 

84757 

! 84819 

84880 

84942 

85003 

85065 

62 

71 

85126 

85187 

85248 

85309 

8.5370 

85431 

85491 

85552 

85612 

85673 

61 

72 

85733 

85794 

85854 

85914 

185974 

; 86034 

86094 

80153 

86213 

86273 

60 

73 

86332 

86392 

86451 

86510 

86570 

86629 

86688 

.86747 

86806 

86864 ! 

59 

74 

86923 

86982 

87040 

87099 

87157 

'87216 

87274 

187332 

87390 

87448 

58 

75 

87506 

87564 

87622 

87680 

87737 

87795 

87852 

187910 

87967 

88024 

57 

76 

88081 

88138 

88196 

88252 

88309 

88366 

88423 

188480 

88536 

88593 

.57 

77 

88649 

88705 

88762 

88818 

88874 

88930 

88986 '89042 

89098 

89154 

56 

78 

89209 

89265 

89321 

89376 

189432 

89487 

89542 

189597 

89653 

89708 

.5.5 

79 

89763 

89818 

89873 

89927 1 

89982 

90037 

90091 

90146 

90209 

90255 

54 

80 

90309 i 

90363 

90417 

90472 ! 

90.526 

90580 

906.34 

90687 

90741 

90795 

54 

81 

90849 

90902 

90956 

91009 

91062 

91116 

91169 

91222 

91275 

91328 

53 

82 

91381 

91434 

!91487 

91540 

91593 

91645 

91698 

191751 

91803 

918.55 

I 53 

83 

91908 

91960 

92012 

92065 

92117 

92169 

92221 

92273 

92324 

92376 

' 52 

84 

92428 

92480 

92531 

92583 

92634 

92686 

92737 

92788 

92840 

92891 

51 

85 

92942 

92993 

93044 

9.3095 

93146 

93197 

93247 1 

93298 

93349 

93399 

51 

86 

93450 

93500 

93551 

93601 

93651 

93702 

93752 1 

93802 

93852 

93902 

1 50 

87 

93952 

94002 

94052 

94101 

94151 

94201 

04250 

94300 

94349 

94399 I 

49 

88 

94448 

94198 

94.547 

94596 

94645 

94694 

94743 

94792 

94841 194890 

49 

89 

94939 

94988 

95036 

95085 

951.34 

95182 

9.5231 

95279 

95328 1 

95376 

48 

90 

95424 

9,')472 

95521 

95569 

95617 

95665 

95713 

95761 

95809 

95856 

48 

91 

95904 1 

95952 

95999 

96047 

96095 

96142 

96190 

96337 

96284 

96332 

48 

9^ 

96379 ! 

96426 

96473 

96520 

96567 

96614 

95661 

96708 

96755 

96802 

47 

93 

96848 I 

96895 

96942 

96988 

97035 

97081 

97128 

97174 

97220 

97267 

47 

94 

97313 ! 

97359 

97405 1 

97451 

97497 

97543 

97589 

97635 

97681 

97727 

46 

95 

97772 1 

97818 1 

97804 ! 

97909 

97955 

98000 

98046 

98091 

98137 

98182 

46 

96 ' 

98227 ! 

98272 ' 

98318 ! 

98363 

98408 

98453 

98498 

98643 

98588 

98632 

45 

97 ' 

98677 ! 

98722 1 

98767 1 

98811 ! 

98856 

98900 

98945 

98989 

99034 ' 

99078 

45 

98 ! 

99123 ! 

99167 ! 

99211 ! 

99255 ! 

99.300 ! 

99344 1 

99388 

99432 

99476 ! 

99520 

44 

99 ! 

99664 ( 

99607 1 

99651 1 

99695 ! 

997.^ ! 

99782 i 

99826 

99870 

99913 ! 

99957 

44 
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As explainod above, uhca the number is less than unity, its logarithm has 
negative tjharactori.stic, as 
log •31o^T*4983l 

But in trigonfmiotrical funetionsthe negatives are avoided by adding 10 to 
the eharaeteristie. The above will bo written, as 
Log *315=9 ^983) 

Logarithms thus im^easL'il aro gonovally termed as Tabular logarithms, so 

that 

Tabular logarithm=true logarithm+10. 

The following table gives logarithmic sines and co-sines of ail the angles from 
0° to 90°. These are all tabular logarithms. Logs can also be determined for 
any part of a degree. 

Log (sine 10°)--9-239()7 Log (sine n'*)=9-2806l) 

Ditforcnee for a degree—4093 DitTeronco for 20 = 1364 

Log (sine 10° 20') =9-20331 

If log (tan) bn leiquired, that is easy to derive irom the tables. 

Log (tan lo°)r^_Log —|^=Log (sin 10°)—Log (co-sine 10°) +10 

CO/? iv 

=9-23967—9-99335+10=9-24632 
10 is added to make it tabular. 

Logrithmic sines and cosines. 


Deg. ►Sine. 


fosine. 


Deg. 




Si ne. 


0 

Inf. Neg. 

10*00000 

90 



1 

8*2-1186 

9-99903 

89 

16 

9-44034 

o 

8-r>4282 

9-99971 

88 

17 

9-46591 

3 

8-71880 

9*99940 

87 

18 

9-48098 

4 

8-84358 

9 99894 

86 

19 

9-51264 

5 

8-94030 

9-99834 

8.5 

20 

9*53405 

6 

9-01923 

9-99761 

84 

21 

0-55133 

7 

9-08589 

9-99675 

83 

22 

9-57358 

8 

0*14356 

9*90575 

82 

2,3 

9-59188 

9 

9-10433 

9-99462 

81 

21 

9-6t)U31 

10 

9-23967 

9-99335 

80 

25 

0-62595 

II 

9-280fK) 

9-99195 

79 

26 

9-64184 

12 

9-31788 

9-i)9()40 

78 

27 

9*65705 

13 

9*35209 

9*98872 

77 

28 

9-67101 

14 

9*38368 

9*9869 ) 

7(i 

29 

9-68557 

15 

9*41300 

9-98494 

75 

30 

9 69897 

Deg. 

Co-sine. 

►Sine. 

1 

1 

Deg. Deg. 

Cosine. 


CotUlK,'. 




! Co.sme. 

i tb 

1 





1 

: a 

9.982 84 

,74 

3l| 

9-7! 181 

9-93307 

59 

9.98060 

,73 

•JO} 

‘>■72121 

‘>■92842 

58 

9.97821 

72 

331 

9-73611 

9-92359 

57 

0.97567 

i7i;.34 

9 7475(i 

9-91867 

.56 

9.97299 

'70 

* 1 " 

«>t 

0-7,5859 

9-91336 

">.5 

9.97015 

6936 

9-76922 

9*90796 

54 

9.96717 

68i37 

9-77946 

9‘‘K>235 

53 

9.9(V103 

67 

38 

9-7803 1 

9-89653 

52 

9.96073 

66!39| 

9-79887 

9-890.50 

51 

9.95728 

65 

40 

9-80807 

9-88425 

50 

9.05366 

64 

41 

9-81694 

9*87778 

49 

9.04988 

6.‘) 

42 

9-825.51 

9-87107 

48 

9.94593 



9-83378 

9-86113 

47 

9.94182 



9**84177 

9-85()9;i 

46 

0.93753 



9 84949 

9-81949 

45 

►Sine. 


1 

C<).>.ine. 

Sine. 
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Example:— 

Side of Triangle =26' and angles 32” and 88®. Find area. 


Area as 



C' Sin A Sin B 
2 Sin C 

_ (26)2 Sin 60® Sin 32® 

2 Sin 88° 

i og 2 A =2 log 25+ L Sin 60® + L Sin 32®— L Sin 88®—10 
=2*79588+9*93753+9*72421—9-99974—10 • 

=2-46788=log287. 

2A =287 =143*6 sq.ft. 

C Sin 32® 26 Sin 32® 


Side AC = 


Sin 88° 


Sin 88® 


log AC =log 25+ L Sin 32—L Sin 88 

=l-39794 + 9*7242]—9-99974=l-12241=Jog 1326 
AC =13*26 ft. 


Similarly BC =21 *66 ft. 
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PRACTICAL GEOMETRY 

CONSTRUCTIONS. 



To divide a given line, ab. Into two equal 

Parts. 

From its ends a and b as centres, and with any 
radius greater than one-half of a6, describe the 
arcs c and d, and join ef. If the line a 6 is very 
long, first lay oil equal dista nces, ao and bg, each 
way from the ends, so as to approach conveniently 
near to each other ; and then proceed as if og were 
the line to bo divided. Or measure ab by a scale, 
and thus ascertain its centre. 


Fig. 7 

To divide a given line, mn, into any given number of equal parts. 



Fig. 8 

To divide a given line, mn, Intc 

proportion 


From m and n draw any two parrallel 
lines, mo and na, to an indefinite dis¬ 
tance, and on them from m and n, step 
oil the required number of equal parts 
of any convenient length ; finally, join 
the corresponding points thus stepped 
oil. Or only one line, as mo, may be 
drawn and stopped off, as to s ; then 
join sn ; and draw the other short lines 
parallel to it. 

two parts which shall have a given 
to each other. 




This is done on the same principle as the last ; 
thus, lot the proportion bo as 1 to 3. First draw 
any line, mo, and with any convenient opening 
of the dividers make m.v equal to one step—jind 
xs equal to three steps. Join en ; and parallel 
to It draw xc. Then me is to cn as 1 is to 3. 


rig. 9 
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From any given point, |) on a line, at, to draw a perpendicular, 

I’rom p, with any convenient opening of the 
dividers, step off the equals po, pg. From o 
and g as centres, with any opening greater than 
half og, describe the two short ares b and c, and 
join ap. Or, still bettor, describe four arcs, and 
join ay. 

Or from p with any convenient scale describe 
two short arcs, g and c, one of them with a radius 
3, and the other with a radius 4. Then from g, 
with a radius 5, describe the are b. Join pa. 

If the point p ift at one end of the line, or very near 
it, extend the line, if possible, and proceed as above. But if this cannot bo done, 
then from any convenient point, w, open the dividers to p, and describe the 
semicircle spo ; through ow draw ; join ps. 

Or use the foregoing jiroeess with radii 3,4 and 6. 



• • 




m. 


To bisect or divide any angle, wxy, into two 
equal parts. 

From X .set off any two equal distances, xr, xs. 
J''rom r and s, with any radius, describe two arcs 
intersecting, as at o, and join ox. If the two sides 
of the angle do not moot, as cf and gh, either first, 
extend them until they do meet, or else draw lines 
xwand parallel to them—and at equal distances 
from tliein, so as to meet; then proceed as before. 

Angles at the eireumlerence ot a Semicircle. 

All angles, as nam, nom at the circumference of a 
.semicircle, and standing on its diameter, nm, aro 
right angles; or, as it is usually expressed, 
all angles in a semicircle are right angles. An angle 
nsx — at the centre of a circle, is twice as great as an 
angle, nmx, at the circumference, when both stand 
upon the same arc, nx. 


Angles at the Circumference of a Circle. 


All angles, as ydp, yep, ygp, at the circumference 
of a circle, and standing upon the same arc, as yp 
are equal to each other ; or, as usually expressed, 
all angles in the same segment of a circle are equal. 
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Angles in a Parallelogram. 

A parallelogram is any four-sided straight-lined figure whose opposite sides 

are equal, as abed \ or a square, &c. Any 
line drawn across a parallelogram between 
two opposite angles is called a diagonal, as 
ac or bd. A diagonal divides a parallelogram 
into two equal parts, as does also any line. 
??i7i, drawn through the centre of either 
diagonal; and, moreover, the lino mn itself 
is divided into two equal parts by the dia¬ 
gonal. Two diagonals bisect each other; 
they also divide the parallelogram into four 
angles of equal area. The sum of the two angles at the ends of any one side 
is =180° ; thus, dab+abcs=:abc+bcd~l8(}° ; and the sum of tlie four angles, 
dab, abc, bed, eda—360^. 

The sum of the squares of the four sides is equal to the sum ol tbe squares 
of the two diagonals. 

To Construct an Ellipse. 




PtO'. 18. 


Plc;. 17. 



(1) Having given the two axes, fig. 15, set off from c half the great axis 

at a and b, which are the two foci in the 
ellipse. Take an endless string as long as 
the three sides in the triangle a6c, fix two pins 
or nails in the foci, one in a and one in b, lay 
the string round a and b, stretch it with a 
pencil, d, which then will describe the desired 
ellipse. 

(2) Divide the long axis, fig. 16, into three 
equal parts, draw the two circles, and whirre 
they intersect one another are the centres for 
the tangent arcs of the ellipse, as shown by 
the figure. 



(3) Given the two axes, fig. 17, set off half the long axis from c to ff', 
which will be the two foci in the eUi^ ae. Divide the long axis into any number 
of parts, say a to be a division point. Take A a as radius and f as centre, and 
describe a circle arc about b ; take a B' as radius and / as centre, describe 
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another circle arc about b ; then the intersection 6 is a point in the ellipse, and 
so the whole ellipse can be constructed. 

(4) Let A B, 0 B, Gg. 18, be the major and minor axes of an ellipse with 
centre at O. 

1. With distance A O cut o£E C E on C D, 2. From E at 60" with C E, 
draw EF. 3. From F at 45°, draw diagonal linos. 

Then from G as a centre strike the arc a' D 6', and from G' strike the arc o 
C b ; also from F strike the arc a A a\ and from F' strike the arc b Bb'; then the 
figure will be very approximatelj’^ an ellipse provided the ratio of the major to the 
minor axis is not greater than 11*2. 

(I). A. CoMes, ‘ Tbe EngineerOctober 13, 1911). 


To Construct a Cycloid. * 



Fig. 19. 


On the line AB lay olf n ay points 
1, 2, 3, 4, &c.; draw perpendicular 
lines at each point, and on each 
describe circles equal to the generat¬ 
ing circle. 

On the circum. 7 1 , «. i, 

,» ,, 2 lay off 2’2'==A. 2. 

M „ 3 lay off 3-3'=A, 3. 

and so on: the points l',2',4',4',5' 
are points of the curve. 


In a given Circle to inscribe any Regular Polygon. 


Helix. 




Draw the diameter, AB ; 
from E, the centre, erect 
the perpendicular, EFC, 
cutting the circle at F. 
Divide EF into four equal 
parts, and set three parts 
trom F to C. Divide the 
diameter, AB, into as 
many equal parts as the 
polygon is requii'ed to have 
sides. From 0, through the 
second division in the 
diameter, draw CD. Join 
Ad ; it will be the side of 
the polygon required. 
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At 



To deserlbe an Eqiilateral triangle of a 
given height A. B. 

Bisect AB in O. With O and B as 
centres and BO radius describe arcs 
cutting each other at x and y. Join ax 
and ay and produce to meet drawn 

perpendicular to AB, in C and JD. Then 
A CD wiU be the required equilateral 
triangle. 



A// ‘A? 


To find the centre of a circle of which an 
arc only is given. 

Let xyz be the given are, x and z being the 
ends of the arc and y any point on it. Join 
chords xy and yz and bisect them at A and B 
respectively. Draw A M and B N at right angles 
to a:y and ya to intersect at C, This C is the 
required centre of the circle of which xyz is 
the aic. 


Fig. 22 

/& 



To make a triangle equal to a given 
quadrilateral figure. 


'' Lot ABCD bo the given quadri¬ 
lateral. Join AC. Tlirough B draw 
B F parallel to AC to cut DA pro¬ 
duced at F. Join CF. Then CDF is 
the required triangle which is equiv¬ 
alent to the given four-sided figure 
ABCD. 


Fig. 23. 


To make a square equal to a given 
rectangle ABCD. 


Produce side DA to H making AH equal 
^ to AB. Bisect DH. With F as centre and 
FH as radius describe a semicircle on DH. 
Produce AB to meet the circle in x. On 
Ax uescribe a square Axyz. This square will 
A 9 be equal to the given rectangle ABCD. 



To lnseribe][^a Squarelin a given ciiele. 



Draw a circle 4 ABCD. Draw two 
diameters AC and DB at right angles to 
each other.it.Join ABCD. These will be the 
sides of the required square. 


Figi 25. 





Fig. 26. 


A general method of 
coDstruotlog any regular 
Polygon. 

With A as centre and 
radius AB strike an are D 
BO. Divide this are into 
six equal parts at points 
P,Q,R,S,T. With 0 as 
centre and radius OP strike 
an arc to meet the perpen¬ 
dicular CD at P'. Simi¬ 
larly with 0 as centre and 
radii OQ, OR, OS, OT 
describes, arcs to intersect 
the perpendicular CD in 
Q', P/, S', T'. 

If a hexagon is Bequired, 
with O as centre and radius 
OA describe a circle and iu 
it lay off lengths AB all 
round. The figure thus 
formed is a hexagon. 
Simliarly to draw a 


Septagon, Octagon, Nononag, Decagon and so on describe circles with centres 
at P, Q, R, S, T, etc., and radii PA, QA, RA, SA, TA, etc. Then lay off 
lengths of AB in each and the polygons produced by joining the points will 
be Septagon, Octagon, Nonagon and so on. In the same way any required 
polygon may be easily drawn. * 
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To eonstruet a parabola. 

The adjoining hgvirc 
shows a parabola; in it OA 
is the axis, AB and AC are 
ordinates; AB being equal 
to AC. The point O is 
called the vertex. Through 
0 draw BE perpendicular 
to OA, and BD and CE 
parallel to it. Divide BD 
and BA into the same 
number of 6 equal parts. 
Through the vertex 0 draw 
a' b' c/ d' e to the points of 
division on BD and 
through the corresponding 
points a^ede on BA draw 
linos parallel to OA. The 
points of intersection ol 
these lines (1, 2, 4, !>) are 

points on the curve, 
through which it may bo 
traced. 


In a similar way draw the other half of the curve through ti, 7, 8, 9, 10. 
The figure thus formed will be a parabola. 



Another method of construeting a 
parabola. 

Given the double ordinate and the 
abscissa H over the double ordinate, 
construct an isosceles triangle with 
a perpendicular height equal to 2H 
or P. 

Divide the sides of the triangle into 
any number of equal parts (say 
six) at points a, 6, c, d, e ana 
a', b', c', d', e'. Join oa\ bb\ cc\ dd\ 
ee\ The lines so drawn will be 
tangents to the required parabola. 


Pig. 28. 
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Construction <r Arches 
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■SUHVEYING. 

To find the width of a river or canal of which one end only is accessible. 

Diagram. 



ah being the distance. 

''•4 (1) Fix a peg e at right angles to a 6 and then hx c in range with be so < ’-it 

f-rfi.s at right angles to 6 d ; then by similar triangles 
a c ‘ a h X e d zh d» 
ac ed ed 


ah bd ab ad 
/. ac X ab + ac X ad ~ ab X ed 
a6 (ed—ac) ac x ad 

X ad 

ab =- 

e d—a c 

(2) a b being the distace. nMako b v of any convenient length, in range with 
a b. Measure any v o and ox equal to it in range. Measure b o, and o y equal to 
it in range. Place a peg z in range with both x y and a o, then y z will be equal to a b. 

(3) m h, being the distance, place a peg at n&nd lay off the angle b m »=9o® 
at any convenient distance m n, place a peg at n. Make the angle hn y — 90° and 
place a peg at y, in range with h m. Measure m y and m n then from principle of 
rtimilar triangles. 

my : mn : z mn : m h. 

my mn {mn)^ 

--- .*. mh — - 

mn mh my. 

(4) From a, lay off any angle b a c. In *he line a c, at any convenient point 
c, drive a peg, and from c lay off an angle a c d, equal to the angle b a c. In the 
line ed, at any convenient point as d, drive a peg. Then standing at d, and look- 
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ingat 6, place a pego in range with d b and at the same time in the line ac. 
Measure ao,o c and cd then as before. 

0 c :c d: : aoi a b. 


o c ao a oXc d 

ab - - 

c d a b oc. 

1 r. To find the distance a b of which the ends a, h are only accessible. 



Draw a m any distance and bisect 
at o making ao^on. Similarly 
draw b m, bisect at o making bo = 
0 m. 

then mn=a b. 



UI. To find the height of an object without instruments. 

(a) Measure a distance d on a level 
ground and erect a bamboo at one end of 
known height. Then stand at such a point 
that the end of bamboo, your line of eight 
and the top of the object intersect and 
measure that distance. 

k 

Again erect the bamboo on the other end of the distance d and again find 
a similar point. Measure a and b ; substract c from the height of the 
bamboo; which will give c 
f d —c 

then L. i. e., height required --|-c+e. 

b—(I 

(6) By means of its shadow. 

Plant one end of a straight stick vertical in the ground, and measure its shadow, 
also measure the length of the shadow of the object. Then as the length of the 
shadow of the stick is to the length of the stick above ground, so is the length of 
the shadow of the object to its heigb|. 

If the object is inclined, the stick must Ije equally inclined. 






i 
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Colours to be Used in Survey Drawings. 


Maps — 

Water 
Roads 
Rail roads 
Dry nallas 
Brick houses 
Mud houses 
Canals 
Raj bahas 

Plana and Sections of Buildings — 
Boulders 

Boulder in mortar 
Stone-work 

Burnt bricks, laid in mortar 
Burnt bricks, laid in mud 
Unbumt bricks, laid in mud 
Earthware — 

Natural 

Made 

Iron work 
Woodujork — 

Fir 

Hardwood 


,. Indigo. 

.. Burnt Sienna. 

.. Thick black line. 

.. Burnt umber. 

.. Lake. 

.. Light Indian ink. 

.. Thick blue line. 

.. Thin do. 

.. Light shade burnt umber, with 
boulders marked in Indian ink. 

.. Light shade lake, with boulders 
marked in dark lake. 

Burnt umber. 

Lake. 

Light red. 

Light shade Indian ink. 

Burnt sienna. 

Light shade burnt sienna and 
Indian ink. 

Indigo and Indie i ink, light shade 
.. Yellow ochre. 

.. Burnt sienna and burnt umber. 


Conventional Signs 
Fit for cultivation uncleared — 

Bamboo Jungle 


Forest, or Tree Jungle 


USED IN Surveying. 


Low, or Bush Jungle 
Jhow Jungle 
Grass do. 





Grazing Ground 




ConventtonuL 


/Vuil->(S 




Andtora^e . . 
Heundanei - 


Saundajr/ PUUifs 
Cafials -- 

^^urchcif CAa^eli’^ - 

Moi^MfstTem^ei... . 

Fort ... 

/^(h/on Siohom - 


— /nkrna/t.cna^ 

— • • _ Pvottfft^uU 




/^Clasi 
Znrf do 


- 

* 1 4 

3in}tlt. witj^re urd/inutf 

Mt mosfve i t^mftU 
Jtr 

f^tstont t P.N 
^OfTKinCiMoCu tRX-M 


Lake ,_. 




Cu/tvaFoti _ 

J. i^thouit Wf^tki>5J^aliof> 

MUli . . 

Foiiofftcc etc, _ 

'Doubic- - 

fe?:::::." 


CD o 

^ ^ 

A StUim h uhiJ rtaier 
T (nU^hhoffKt ^ 
t icUfincric I £3 
P Pjst ‘A’ ' 


{Ph^fcte^J- 


Uar^c 


_ Sn/oll iarrnnitil- - 

Ktn'Cts < e : / 

' O^rnef tme, ury.- 

linM/yi/(yea! -j 

Nullah J)on^iXf . 


Bred^extSioue 
J>o _ _ y Yon . 
I>o . ^ Woed. 
^iver Ee*fy - 

^'^^^^^YooiFcrci . D 

yyayanFcect. . 
Fiver JAani 


Tunnei uf^rt 
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ConferjtimuL Si^m ( continust f) 


.yVontcS 


^bads in o/deroj"im - J 
J!)oytan€&. .j 


CUffs. 


re/p^ne, 

lIhas 

^znAS 


VktbjS^nr^^. 



OW 05 t^ellerS^ytTKf peH 




JicoiUi, Ma^skf, 


xwr «s 
OVJ.P 
O. B.R 

fiM 

Close 

ntt«4 

a«ct«. 


Vo Te-npayury 
Wund f\LrytpS 
dui^^ei Cumbs 
P^ei (Idaie-rJapplj 

Seaiic*tal 3cycf£ 


’H’ttt'S,'? M •"**•«•**• 




J 

^ A.* 


Oh^cttiUs 


CeTneiiy ___ 

Ravines 

^£LT>ui JiUu.. 


Tounvy YiJUa^C'... 

3^fi/iU ^taff — 
f^A^rvy^emc^i 
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Chaining on &lopino Ground. 

Tiio distances required in surveying are horizontal distances). Hence if the 
ground slopes, this must be corrected in some way. 

For shorter st©?p slopes W'hen great accuracy in not required, the chain is 
stretched along the slope and reading taken. 

For longer slopes or more accurate work, the angle of slope is measured; 
and the required allowance made. 

The following table gives the deductions or additions to be made for bJO ft. 
length. 

The Surveyor should copy this down in his Survey book. 

Table of deductions or additions to be made per 100 feet in chaining over 
eloping ground. 


a- 

Rif in 

H fe 
ho 

Slope in 
degrees 

Dedui 

feet. 

Rise in 
i00fe< 
hor. 

•016 

1-746 

•548 

10-61 

•061 

3-492 

•745 

12-28 

•i:i7 

6-241 

•973 

14-06 

•244 

6-993 ■ 

1-231 

15-34 

•381 

8-749 ' 

1-619 

17 63 


Deduc 

feet 

Rise in 
100 fe 
hor. 

o u 
P4 to 
• 5 ^ (D 
ns 
OQ 

Dedc 

feel 

Rise in 
100 f< 
hor. 

1-837 

19-44 


16 

13-874 

28-57 

2-186 

21-26 


17 

:4-370 

30-57 

2-563 

23-09 


18 

14-894 

32-43 

2-970 

24-93 


19 

|6-448 

34-43 

3-407 

26*79 


20 

16-031 

36-40 


CHAIN SURVEY. 

In chain survey we have no instrument for measuring the angles, hence the 
lines should be arranged in such maimer that they can be plotted from the len^hs 
alone. Now a triangle is the only figure which can be so plotted, hence the first 
essential is that there should bo one or more main triangles as big as can be obtain- 
ad on the ground. 

General conditions : to bo kept in view in arranging the lines are :— 

(1) Arrange one or more main triangles. 

(2) All the lines must be capable of being plotted from their measured 

lengths alon, by intersecting arcs. 

(3) If any lines have to bo produced on paper after being plotted, the part 
produced should be veiy short in comparison with the part already 
laid down. 

(4) All triangles should be w'hat is called “Well conditioned” {i. e., 
g Equilateral in form). 

(5) The lines should be as few as convenient. 

(6) In arranging lines which have to pass through hedges ; avoid crossing 

the hedges oftener than necessary. 

(7) There must bo a sufficient number of tie or subsidiary lines to form 

a check on the accuracy of every part of the chaining when 
plotted. 

Chains. —(1) 100 ft. chain or Engiyer’s chain. 

(2) Gunter’s chain of 66 f^ length. 



178 

In Gunter’s chain the length of one link is 0*66 ft. 

Setting out a Right Angle with a Chain. 

Construct a right angle triangle on the ground in following ratios:— 

3:4:5 1 1:1: <y/^ 

6 : 12 : 13 \ 1 : 2 

Prismatic Compass Survey. 

CerUering: —The compass for all but; the roughest surveying purposes, is usual¬ 
ly mounted on a tripod, so that it can be centered over the station like a theodo¬ 
lite. It is less sensitive hence it need only be approx, centered. 

Levelling.—The levelling is usually done by eye, by means of a ball, and 
socket joint in the head of the tripod. A clamp is provided to fix the joint 
when levelled. 

Field Book. —The compass is set up at alternate stations only, the forward 
bearing being read for one line, and the back bearing for the one before. For 
plotting the lino whose back bearing is measured, we use the measured bearing 
+ 180. 

For the best work, we set up at each station, and the bearing of each line 
is read both backwards and forwards. 

The field book is then ruled as follows:— 

Line. Forward Back Mean. Remarks. 

bearing. bearing. 

AB .. 76“—12' 256°—18' 76°—15' 1 

BC .. 93°—18' 273°—18' 93°—18' 

CD .. 167°—42' 345°—12' 167°^2' > BX=185° *48' 

DE .. 178°—30' 1°—6' 181°—6' I 

EF .. 193°—18' 13°—24' 193°—21' J 

At A we read the forward bearing of A B and at B we read the back bearing of 
A B and the forward bearing of B C and so on. At B a lino BX branches off, it 
is supposed, and its bearing is entered in the remarks column. 

To Determine A True East and West. 

Sot up a vertical rod (any size) on a flat floor. Describe a circle round the 
base about twice the height of the rod. Sometimes in the forenoon mark the 
point where the shadow of the rod just touches the circle and repeat this in the 
afternoon on the other side of the circle. Mark this point also. A line through 
those points will be true East and West. The method is useful in setting 
sun-dials, setting out buildings, etc. 

Method of Determining the Diredion qf True North. 

(1) 1st Method. —By means of magnetic compass the variation of which from 
True North may bo seen by reference to the Admirality Chart. 

(2) By ascertaining true “ Local time ” and taking the direction of a sliadow 
cast by a vertical rod at mid-day. 

(3) By means of a vertical pole and its shadow as follows:— 

Select a convenient station. A, upon the main line, where the ground is 
smooth and level and plant a pole there firmly and truly vertical, follow the above 
oonstruotion (as for True East and West). Bisect the distance between the two 
pointsandaline joining this point through the station will be in the direction of 
the True North. 




Table of Angles corresponding to openings of a Two-Foot Rule. 

If the inner edges of a common foot rule bo open to the extent shown in the 
column of inches they will be inclined to each other at the angles shown in the 
columns of angles. No great accuracy is to be expected as the opening of |th inch 
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fHEODOLlTE 

' Everest's Double Arc Theodolite 



The theodolite is commonly made in either of the following three forms, 
vtz., the “ Everest’s, the " Y ” pattern or the more modern “ Transit.” 

It is not considered necessary to give description of all the parts, but the 
method of adjustment has been given below :— 

There are four adjustments which will be described in the proper order. 

^(1) The plate levels should be perpendicular to the vertical axis. 

To teat this, set one bubble parallel to any two plate screws (if there are 
only three of the latter) or to two opposite screws if there are four. Level 
both levels with the plate screws, the outer axis being firmly clamped. 

Now turn through 180^ unclamping the inner axis or upper plate for 
this. 

If either bubble moves, correct half the amount with the screws which 
support that level, and the other half wit]| the plate screws to which it is parallel. 
Repeat till perfect. 
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When the bubbles both lemain central in all positions, unclamp the outer 
axis and turn the instrument round it. If the bubbles move, the axis are not 
parallel and this defect cannot be remedied except by the makers. 

(2) The line of oollimation should be perpendicular to the trunnion or 
horizontal axis. 

To test it, level up carefully and look at any well marked point o both 
horizontal plates being clamped. 



Let A 6 be the plan of the trunnion axis and FOB the true perpendicular 
to it, while 0 C is the line of oollimation. 

Now transit the telescope (t. e., turn it over vertically round the horizontal 
axis) and the lino of oollimation will now be along 0 E. Mark the point E in 
line with the hairs. 

Then turn the theodolite round horizontally to look back to C. If I) 0 C= 
FOE=a, it is clear that the angle turned through will bo 180—2a. The trunnion 
axis will take up the position and the perpendicular to it will be I)^ 0 

0 C is the line of coilimation as before. 

Lastly transit the telescope again, this time round A^ Bj. The direction of 
the line of coilimation will now be 0 E^. If the cross hairs or wires come back 
exactly on to the old point E, the adjustment is perfect. But if not, mark the 
new point Ej. Then mark so that Ej I)i=:JxEi E, and bring the cross 
hairs to coincide with the mark by working the diaphragm screws one on 
each side. ^ 

The adjustment may also be tested as follows;—Direct on to any point C, 
with all motions clamped and the telescope horizontal, and read both verniers on 
the horizontal circle. Then reverse face, bisect the same point again and again 
read both verniers. The mean reading should be the same with each face. If 
not, half the difference gives the coilimation error. To correct it, set the 
verniers to the mean reading and bisect the mark by the diaphragm screws. 

(3) The horizontal or trunnion as's should be perpendicular to the vertical 

axis. 



183 



If this adjustment is perfect then when the instru¬ 
ment is carefully levelled the line of collimation will 
describe a true vertical plane when the telescope is 
revolved vertically. But if not the plane will be 
inclined. 

To test it, level up very carefully, and direct the 
instrument to any well markedfixed point C, preferably 
at an altitude of not less than 46® with both horizontal 
movements clamped. Then, if the adjustment be faulty, 
the trunnion axis will be inclined, aa^shown at A B, and 
the line of collimation will describe the plane C F. 


Turn the telescope down and mark the point F in line with the hairs, as low 
down as possibly, and preferably at such a distance that little or no alteration of 
locus is necessary. Now reverse face, and direct back to C. The slope of the 
trunnion axis will bo reversed as shown at D E, and the plane described will now 
be CFj. Mark the point Fj as before. If F and Fj coincide, the adjustment is 
perfect. If not mark 'F 2 midway between them. It will be found that one 
end of the trunnion axis can be raised or lowered by one or more capstan 
headed screws there. 

Adjust the moveable end a little at a time and keep on looking at C and F 2 
until the cross hairs concide. 

(4) The line of collimation should be parallel to the spirit level if the 
latter be on the telescope. 

If the upper spirit level is on the T piece, the line of collimation should be 
parallel to it when the vertical vernier reads zero. 

To test this adjustment, level up very carefully as for vertical angle and 
then Aad the vertical angle to any well marked fixed point. Suppose that when 
the levedling was complete and the vernier set to the horizontal reading, the line 
of collimation was pointing slightly upwards instead of being horizontal. Then 
clearly when we raise it to look at the object, the reading on the vernier will be too 
small 

Now reverse face and read the angle to the same object again. Th® 
telescope being now upside down, the line of collimation which was before point¬ 
ing upwards, will now point downwards y^hen the vernier reads zero. 

Hence the observed vertical angle to the object will now be too great* 
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Tho moau of the two readings will give the currect angle of elevation. 

To correct the error we may adjust either tho hue of collimation or the spirit ‘ 
level. 

For this final adjustment that face must be used which will cause tho levo 1 
to be right way up. 

Y—Theodolite. 
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Traverse Surveying. 


Traverses may be (1), clo.sed (2) open. 

(1) A closed traverse is one in which a complete circuit is made. 

(2) An open traverse is one when a traverse does not form a complete 

circuit. 

The directions of the Survey lines are fixed by angular moasuroments. 

The Bearing of a line is the angle it makes with some standard direction. 
The Magnetic faring of a lino is its inclination from the north end of the 
,magnetic meridian measured clockwise. 

Whole Circle Bearings :—The bearing of each line is measured clockwise 
from the standard direction to that of the line right round the circle. 

Reduced Bearings ;—The bearings are measured olockwiso^ or ante clockwise 
from which over of those directions is the nearer. 

Calculation cjf Bearings :—To the known w'hole circle bearing of any line add 
the included angle between that lino and the next, if the sum be greater than 
180°, subtract 180° but if the sum be less than 180°, add 180°. The result 
will be the whole circle bearing of next line. 



Difference of LatUvde and Departure :—Now suppose 
A N is t he standard direction, and that A B is a line 
at a bearing B. In passing from A to B we go North, 
i. c., m the direction of A N by an amount A E and 
east by the amount E B. The distances A E and 
E B are called the difference of Latitude and the 
Departure respectively of that line. 

Difloronco of Latitude =Length of line XCosine of 
R.B. 

Departure= Length of linex sine of R. B. (R. B.= 
Reduced Bearing). 


A dilierenco of latitude if North is called Northing, if South a Southing, 
similarly if East Eastings and if West Westings. 

Cheeks on Closed Traverse :— 

fl) The sum of the included angles should be equal to twice as many right 
angles as the figures has sides plus or minus 360 according to whether 
exterior or interior angles are measured. 

(2) The sum of the Northings must be equal to the sum of Southings and 
similarly the sums must be equal for Eastings and Westings. 

Method of checking an open traverse :— 

Let A B C be a portion of traverse plotted with reference of two axis. 
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An auxiliary station X is fixed outside 
the traverse or a number of such stations 
may be fixed if necessary. Bearings are 
taken from these stations to the various 
stations of the traverse. The rectangular 
co-ordinates of X are calculated by using 
the co-ordinates of A and B, the bearings 
and lengths of A X and B X Wing 
known. The co-ordinates of X are next 
calculated by using the co-ordinates 9 f B 
and C, the beatings and lengths of B X 
and C X being known. The tw'o results 
should coincide, 

Trioonometrical Surveying. 

Trigonometrical survey is one in which the three sides of a triangle are com¬ 
puted from the length of a single Base lino and from the three angles of each 
triangle measured with a theodolite and calculated by Trigonometry. There are 
3 types of systems. (1) A series of approximate equal triangles. (2) A serie.s 
of central polygons. (3) A series of quadrilaterals with both diagonals drawn. 

Sub-division oj Fidd work :—The process of carrying triangulation scheme 
may bo'divided as follows :—(1) Reconnaissance of preliminary work. (2) Base 
line measurement, (3) The measurement of the angles. (4) The Astronomical 
observation. 



Trigonometrical Levelling, 

Finding the difference in elevation of two points by means of the horizontal 
distance between them and the vertical angle is called Trigonometrical levelling. 

Level. 

The Y Level ;—The telescope instead of being firmly fixed to its support¬ 
ing bars is carried into two Y shaped bearings. 

The term adjustments and method of use are the same for a Y as for a dumpy 
level. 

Permanent adjustments :—They are 3 in number. 

(1) Make the lino of collimation coincident with or parallel to the axis of 
rotation of the telescope in the Y's. 

Turn the telesoope through in its Y’s after havit^ sighted the hori¬ 
zontal wire on a well defined object, when if the wire has moved from the object 
it must be brought back, half b^ the foot-screws and half by the diaphragm 
screw's. Repeat till perfect. » 
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(2) To mal;e the telescope level parallel to the axis of rotation in its Y’s 
and therefore parallel to the line of collixnation. 

Bring the bubble to the centre of its run, by means of foot screws. Ee- 
verse the telescope in its Y’s, when if the bubble does not remain in the centre 
of its run, correct half the displacement by the foot screws and half by the screw 
at one end of the level. Now rotate the telescope slightly in its Y’s and if the 
bubble does not remain steady, adjust by means of nuts provided for this purpose 
which give lateral motion to one end of tho level. 

(3) To make the vertical axis of rotation truly vortical and to put the line 
of collimation and telescope level at right angles to it. 

Turn the telescope till it is over two foot screws and bring the bubble to the 
centre of its run by them. Then turn the telescope through i60°. If the bubble 
is not still in tho centre of its ran, correct half tho displacement by the foot screw 
and half by the thumb screw fixed to one of the Y supports. Now turn the 
telescope through 90° and correct with a third foot screw (or other pair of foot 
screws). Repeat adjustment till the bubble remains m tho centre of its run during 
a (jomplete revolution of the telescope. 


LSVSL 





LEVEL. 



DUxMPy LEVEL. 

Temporary Adjustments. 

(1) Set up the level firmly with lege firmly planted. 

(2) Level the telesoopo by moans of plate screws. 

(3) EUiminate parallax, that is to say that the cross hair should not tnovo 
up and down when the eye is moved up an>* down. 

It oan be tested by moving the eye about after focussing both the hairs 
and the object. If the ^irs appear to move vv^ith reference to the image, work the 
focussing screw so as to adjust the draw tube a little at a time and keep (;>n until 
there is no further movement. 

Permanent Adjustments. 

(а) The line of collimation should be parallel to the axis of the draw tube so 
that its direction does not alter with the focus. 

(б) The line of oollimation and the spirit level should be parallel to one an« 

other. ' 
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(c) The vortical axia of rotatiou should bo porpeadioular to the spirit levoi 

(а) The adjustmeat (a) is usually neglected and assumed as correct. 

(б) To test, choose two firm points A and B on a fairly level ground say 150 
to 200 feet apart, and set up the level, if possible, at G exactly midway bet^\eeu 
them, or at any point such that A Cj =B Cj 



Level up, and read the staff at A and B, correcting the level for each reading if 
necessary. The difforeuoo between the readings will give the correct rise or fall, 
whore there is an error in the lino of collimatioii or not, because the distances are 
equalized. 

Now set up at D, in the line A B produced, so that B D is 76 to 100 feet 
long, and preferably exactly half of A B. Level up, and read again at A and B. 
If the difference is the same as before the adjustment is correct. But if the line 
of oollimation, is not parallel to the spirit level, the reading at A will have a bigger 
error than that at B, in consequence of the greater distance. Hence, the difference 
in readings will not be the same as before. This difference indicates an error and 
we may correct it by altering either the line of collimation or the spirit level. 
If the line of collimation is at fault, the adjustment should be made with the 
diaphragm screws. 

(c) To test this, level up, and turn the level through 180®. If the bubble 
moves, correct half the error by plate screws and half with the opposing screws. 

Next turn through 90® and level with foot screws only. Then repeat till the 
bubble remains nearly central in all positions. 

There are two methods generally employed in levelling. 

(1) Rise and fall method. 

(2) Height of instrument method. 

Checking Arithmetic. 

The difference between the sums of all backsights and foresights should 
be the same as the difference between the first and the last reduced levels. 

Comparison oj Level Books. 

The rise and fall method of keeping the level book involves more arithmetic 
than the height of instrument method, but affords a more complete check on 
arithmetic. f 
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CONTOURING. 

A contour line is a line drawn on the plan, so as to pass through all points 
which have the same reduced level. If two such contours are drawn all 
points on the one will be the same vertical distance above or below those points 
which lie on the second contour. 

This vortical distance is called the vortical interval between contours, and 
varies from 1 foot to about 10 feet in large scale plans for buildings and from 10 
feet to 100 feet or more in small scale maps. 

The method generally adopted for finding the contours in engineering plans, 
is to cover the ground with a series of “ spot levels ” one or more linos are arranged 
out on the ground in known directions, and cross sections are taken along lines 
either at right angles to those or making known angles with them. The levels 
are taken along these lines and booked, thus giving the reduced levels of a 
number of spots along these cross sections. Extra points are taken between 
cross sections if there is any irregularity in the ground. The contours arc then 
interpolated on the plan. 

Method of Plotting, 

TiOt A B be the centre 
lino of a road anil the con 
touring starts from 0 . Sj, 

S 2 » S 3 , are the station on 
it, the reduced levels being 

100, 10 : 1 , 101 and 104 les- 

poctivoly. Now at each of 
these stations 0 , S^, S 2 , 
etc., draw perpendiculars 
mn, hw, etc., and suppose 102 
0 e, o g, are the perpendi¬ 
culars on mn at 0 and the^ _fi 

reduced levels are 102 and * 0 * 

105 and Od, Sd are the 
porjDendiculars b e 1 0 w 0 05 j 

whose reduced levels are 
05, 89. Similarly on h w 
at the stations, S^, there 
are perpendiculars whose 
reduced levels are 107 and 

101. Go on taking reduc | 
ed levels in the same way 
on other stations both 
above and below the 
stations as shown in tlie 
■sketch below. 
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Let the vertical interval be 3 feet. The contour line will be from one foot 
above the station e. Mark this as t. The reduced level at 8^ is 103 and tliis point 
will remain the same and so on and complete as shown in the sketch when all 
the points t s, i y are fixed, draw a curve through these and this will give a 
contour. 


LEVELLING WITH BAROMETER AND THERMOMETER. 


Rule .—Take readings of the barometer and thermometer in the shade at 
both stations, add together the two readings of the barometer and divide by 2, 
and call it b. Do the same with two readings of thermometer and call it t. Sub¬ 
tract the least reading of barometer from the greatest and call the difference d. 
Then multiply together this difierence d and the number from the table opposite 
t, and by 30. Divide the product by b. 

Kxdx30 


Diff. of height in ft.: 


b. 

Example. —Reading of a barometer at lower station is 26‘64 inches and at the 
the upper station 20*82 inches. Thermometer reads 70® at lower station and 400 
at upper station. What is the difference of height of the two stations. 
Barometer. Thermometer. Difference. 

26*64 70 

20*82 40 26*64 


29|47 


r*46 

23*73 =b 


2 

66 =t 


20*82 
6*82 =d. 


and K for 55 in the table below is 917*2 

30X5*82X917*2 

.*. Height required = 6748*5 ft. 

23*73 


Mean of 
Ther=s t. 

! K 

1 

1 

1 

[Mean of 
Thersa t. 

K 

Mean of 
Ther=^ 

K 

jMean of 
Ther= t. 

1 

K 

0 ® 

5® 

801*1 

811*7 

35® 

874*9 

. 65° 

938*2 

95® 

■1 



40° 

886*4 

70° 

948*8 

100 ® 


15® 


46® 

896*0 

75° 

969*3 

106® 




50° 

900*6 

80° 

969*9 

110 ® 


25® 


55® 

917*2 

85® 

980*4 

116® 

Kisil 

30® 

864*4 

60® 

927*7 

90® 

091*0 

120 ® 

Bl 


Rule for finding the value of K for any value of t 
K=stx2*ll+801*1 

Let t =72 then K=»72X2*1I+801*3>=963*0 
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In case groat accuracy is required, apply also the correction for latitude 
given in the table below. If two places are at different latitudes, apply their 
mean. No correction is required for latitude 45°. Divide the height found by 
above method by the number on the table below. Add the quotient to the alti¬ 
tude if the latitude is loss than 45° and subtract if the altitude is more than 46°. 

Example. ^—In the above example the latitude of point A=31|° and of 
B=32i°, find the correct height between A and B. 

31J-f-32-l 

Average latitude --- 32° 

2 

The table below gives 804 for 320. 

6748-5 

Correct height =-h 6748-5 = -6756*9 ft. 

804 

Table of Corrections for Latitude. 


Lat. 

Divider.! 

1 

1 

1 

Lat. 

Divider. 

Lat. 

Divider. ^ 

Lat. 

(Divider, 

» 

1 

1 

Lat. 

Divider 

it 

362 

16 

1 

' 416 

32 

804 , 

46 

10101 

62 

630 

2 

361 

18 

436 

34 

941 

48 

I 3367 

64 

672 

4 

366 ' 

20 

460 

36 

* 140 ' 

60 

: 2028 

66 

627 

6 

360 1 

22 

' 490 

38 

168 ; 

52 

, 1458 

68 

490 

8 

367 1 

24 

; 527 

• • 

, , ' 

• • 

■ 1140 

70 

460 

10 

375 1 

26 

: 572 

40 

2028 

54 

1 941 

72 

436 

12 

387 ; 

28 

630 

42 

3367 ; 

66 

1 804 1 

74 1 

416 

14 

399 1 

30 

705 

44 

lOlOl 

68 

1 706 

1 1 

j 

399 


Levelling by Thermometer. 

t -=temperature of boiling water at any station in F° deducted from 212. 

H—Height of the station above the soa level in foet=520°t-ft=^. 

This result is also subject to correction by multiplying with K which vary in 
the proportion of -(KHl per degree Fahr. appro.x. 

Hydrographic Surveying. 

Hydrographic Surveying is the term applied to the process used in surveying 
any body of water to determine its topography at the bottom. The fioldwdrk is 
usually done by first establishing certain points on shore by triangulation or tra¬ 
verse to which the Hydrographic Survey is referred and then measuring (usually 
from a boat) the depth of the water at various points and determining the position 
of these points. Besides ordinary transit and outfit a sounding pole or head line 
and a boat with necessary equipmt ut are required. The head line consists of long 
chain or hemp rope at the end of which a lead weight is attached. Where there is 
'not much current, a 6 to 10 1 bs. weight wih su ffice for a depth upto 40 feet. 
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Plane Table Surveying. 

k 

The plane table is a portable table by means of which points are located by 
graphical methods directly on the map. It is a flat drawing board varying in 
size from 16* X12* to 30* X24* and about one inch thick, supported on a tripod 
with a device for levelling and clamping the board. The table should bo provided 
with water-proof cover. • 

Locating Points by Intersection. —Select a base a b representing to some 
scale, the measured base A B. The table is set so that a on the map is vertically 
above A on the ground and the table is levelled, then one edge of the alidade is 
placed along the base line a b drawn on thg map, the table is then turned in 
azimuth until the telescope sights the signal B and the horizontal motion clamped. 
The table is now said to be oriented. The alidade is then placed so that the 
straight edge passes through a, the telescope is sighted to some signal c and an 
indefinite lino drawn towards c. Remove table to B (6 b^ing sot vertically over 
B) and the process is repeated, the point c is located on an indefinite line thi’ough 6, 
hence it lies at the intersection of these two lines a c and 6 c. The triangle a b c 
is similar to triangle ABC. In similar manner any number of points may be 
located. The details are then sketched on the map. 

Locating Points by Resection. —It sometimes happens that it is desired to 
locate a plane table station from a base, only one end of which can be occupied 
with the table. In such a case we proceed as follows:—Let A and B represent the 
points on the ground at the end of the base line, C is the signal which is to be 
located, and a b represents a base line plotted on the plane table sheet. up at A, 
the end of the base which is accessible and orient the table by sighting B with the 
alidade along ab. Then centering the alidade on a, draw an indefinite line 
towards C. This lino should be drawn the full length of the alidade. The table is 
then taken to C and oriented by means of indefinite line just drawn. Since the 
position of C on the indefinite line is not known it is necessary to estimate its 
position on the map and to use this point in placing the table over the point C. 
If alidade is now centered on 6 and sighted towards B a resection line maybe 
drawn and the line will cut the first indefinite lino, thus locating the point c 
desired. 

The Three Point Problem. —The two graphical solutions of the problem are 
known as— 

(1) Triangle of error method. 

^ (2) Inscribed quadrilateral method. 

Photographic Surveying. 

Surveying by photography is one of the most rapid methods of locating 
topographic details though not so accurate as plane table. To locate a point on 
a map it is necessary that the point should appear on two photographs taken from 
two different camera stations, and in addition the following data must be known, 
the position of two camera stations, the direction in which the camera was pointed 
in each case and the focal length of thi lense. 



194 


The camera for taking the views should possess the following qualities;— 

(1) A good lease with an aperture of 45°. 

(2) A firmly constructed body to take flat glass plates. 

(3) Levelling screws and levels to set the optical axis truly horizontal 
and the picture plane and vertical rotating axis truly vertical. 

(4) Points on a hair stretched, to mark on the negative the trace of the 
horizontal plane, and also the principal plane of the perspective view. 

(5) kSotne kind of sighting arrangement with which to direct the optical 
axis of the lens on objects. 

(6) The camera should be mounted in vertical rotating axis and have a 
graduated horizontal limb, on which to road the angle through 
which the instrument is rotated. 

(7) Clamps, verniers, micro.scopes and tangent screws, etc., as for a theo¬ 
dolite. 

The horizonial direction of any point in the jiicturo is given by the angle 


it makes with the principal lino. 

... , , , Distance from principal line. 

Tangent horizontal angle =- ^ - 

^ local length. 

Tacheometric Surveying. 

Theodolites furnished with stadia diaphragm,s are known as Tacfheometers. 

Methful of Procedure .—The instrument having boon set u]i, and its height 
measured, the staff iioldors are sent in succession to all the iioints to be surveyed, 
their movomentH being directed by signals. Each point is given a number which 
is entered in the field bo<jk and on a sketch plan. The telescope is directed to the 
staff at each succes-sive position and the readings noted in the proper columns. 
The horizontal and vertical angles are read and entered. Three dimensions aio 
then obtained for each paint and it can then be fixed by means of co-ordinates and 
the corresponding altitudes are calculated. 

The Field Book .—The field book should lie ruled with 15 columns : (1) Imstru- 
mont station, (2) Staff station, (3) Height of instrument, (4) Bearings, (5) Vcitical 
anglo.s, (G) Stadia reading.s, (7) Length of Ray, (8) Horizontal distance, (9) Vertical 
height, (10) Axial Readings, (11) Ri.so, (12) Fall, (13) and (14) Reduced Level, (a) 
Instrument station, (h) ytaff station, (15) Rom irks. 

The main differences between a Tacheometcr and a theodolite are the 


following:— 

(1) The presence of a third (anallatic) lens, in a third tube, lying just behind 
the diaphragm. This tube, and consequently the lens, can bo racked backwards 
and forwards within narrow limits, and provides an additional permanent 
adjustment. This feature distinguishes the Porro—tele.scope, the invention of the 
famous Italian Scientist. There ks an advantage of additional lens to cut> off 
light, and condense moisture, but its advantages counterbalance such an objec¬ 
tion ; in the tropics indeed a cutting off < f light is a disadvanatge only in 
dense forest. The telescope being longer, can be transited at one end only. 

(2) The insertion of two additional hairs (horizontal) which intercept a 
length of thestaff which bears a ratio (almost universely 1 in 100) to the distance 
from the staff to the plumb-bob of ;.he instrument. If the anallatic lens were 
not fitted, this exact ratio would not ap|)ly, but a constant length will have to 
be added. 
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Use of the Instrument, 

The instrument is essentially designed for obtaining horizontal distances 
and reduced levels of a number of points, within a radius of 800 feet of any 
station where it is set up, on rough ground without the use of a chain or tape. 

For Kailway work it is used to make a contoured plan from which a paper 
line may be estimated or as a guide to location 

The information of this contoured plan is taken from the record of the in- 
striiment which gives bearings, distances and reduced levels of points along a 
travei-se and of a number of others on both sides. 

The instrument is generally used with four staves, two on the traverse and 
one to right and one to left. The staves should be specially graduated, as for 
distances above 500 feet it is difficult to reod. They should bo fitted with a 
Plum u-bob. 

Practical Hints on Worhinythe Tacheorrteter. 

In recording the bearings with a Tacheometer, it is the univcreal custom 
to Work with an oriented instrument. By this means the bearings arc read to 
minutes on the limb of the theodolite and the compass is a check on readings at 
any point. This is done as follows. At whatever point the traverse is begun, 
the levelled instrument has its upper plate clamped to 360° or 0°, then the instru¬ 
ment is moved on its lower plate till the box or prismatic compass reads north, 
with the object glass pointing north the lower plate is then clamped, the upper 
released and turned on to the first lire and its bearing read directly on the limb 
of the thi'odolite in minutes. A still more accurate, method is by obtaining a 
true bearing of the first line from a solar azimuth, then,with the upper plate 
clamped to that bearing, sight on to the first line, by the lower jdatc; on releas¬ 
ing the up])er plate the true bearing of any other line can be road on the theo¬ 
dolite to minutes. 

When the instrument is carried to the 2nd point and levelled:—With the 
upjier jilate clamped to the bearing from (1) to (2) invert the telescope and sight 
on to the 1st point, clamp the lower plate, and release the upper. Now. on invert¬ 
ing the telescope and turning to any other point, its beanng is again read on the 
limb of theodolite. 


Curve Ranging. 

Curves are defined by the longtli of their radii, in chains of 66 ft. (100 links) or 
100 ft. 

In much recent practice they are termed 1° curve, 2° curves, etc., the number 
of (fogroes indicating the angle at the centre subtended by a chord of KX) ft. 

For instance, a circle described with a radius of 5.730 ft. has a circumference 
of approx, 36,000 ft., and as there are 360 degrees in a circle, every 100 ft. of an 
r 5 or chord subtends an angle at the centre of 1 ° . This is 1° curve. 

The length of the chord and arc are always assumed to be equal 
AB is called tangential angle, 
chord 

Z =1719 X-approA 

radius. 
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Third Method to set ovt a Curve. 


Third method to set out a Gurvm 



R ■= Radius of curvo 
T—Length of tangent 
a;=Half angle of intorsoolion .. 

D=Di8tanco of contio of curve from intersection 
C=Any chord 

A=Tangential angle of C in minutes 


^17190 
” A 


R=T (tan. x) 

T=R (co-tang x) ., 

D=R (oo-secant. x) 
, 1719 C 

a=-k- 


S=R (co-sine, x) .. 
V=R (co-versine. x) 


Number of chords in the curve= 


5400 —X 


Half length of curve=*000582 R (540f^—») 




NoTB.-^a; and A in the preceding formulae must be expressed in minutes. 
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Table showing degree and radius of curves, chord 100 /eei. 


Angle of 
deflection. 

Radius. 

Deflection 
distniu e. 

1 

1 

i Taugeiit 
distance. 

Middle 

ordinate. 

Degree^. 

1 

1 

» 

Mia. 

Feet. ; 

Feet. 

1 Feet. 

Feet. 

1) 

3l) 

11459 

'873 

-436 

■1(9 

1 

: 0 

5730 

1-746 

-872 

•218 

1 

30 

3820 

2-618 

1-309, 

■327 

o 

1 

2865 

3-490 

i 1-746 

-436 

2 

1 14 

2566 

3-897 

' 1-948 

1 -487 

2 

i 30 

2292 i 

4 363 

, 2-182 

-546 

2 

; 52 

1999 1 

6-0C3 

2-601 

•626 

3 

1 0 

1910 

6-235 

2-618 

•664 

3 

1 20 

1719 

6-817 

2*908 

•727 

3 

40 

1563 

6-398 

3-199 

-800 

4 

0 

1433 

6 98(> 

3-490 

•873 

4 

20 

1323 

7-661 

3-781 

-946 

4 

40 

1228 

8-143 

4-072 

1-018 

o 

0 

1146 

8-724 

4-363 

1-091 

5 

20 

1075 

9-3(6 

4-654 

1-164 

5 

40 

1012 ' 

9-880 

4 946 

1-236 

6 

0 

955-4 

10-47 

6-235 

1-309 

6 

20 

906 1 

11-06 

6-526 

1-382 

6 

40 

859-9 

11-63 

6-817 

1-465 

7 

0 

819-i> : 

12-21 

6-108 

1-628 

7 

20 

781-8 ' 

12-79 

6-398 

1-600 

7 

40 

747-9 

13 37 

6-689 

1-673 

8 

0 

716-8 1 

13-96 

6-980 

1-746 

8 

30 

674-7 1 

14-82 

7-416 

1-866 


0 

637*3 ! 

16-69 

7-862 

1-966 

lu 

0 

673*7 : 

17-43 

8-724 

2-183 

11 

0 

621-7 

19-17 

9*696 

2*402 

12 

0 

478-3 

20-91 

10*47 

2-620 

13 

0 

441-7 

22-64 

11-34 

2-839 

14 

0 

410-3 

24-37 

12-21 

3-068 

Id 

0 

383-1 

26-fl 

13-08 

3-277 
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Example. —Radius of curve 25 chains, chainage of K from starting point =6 
miles 67'3 chains, KL = 0*(i;i2 chains, angle LKN = 172°-.30'-30''-ZQLK=»168®- 
S'-'SO" Deflection right chord=l chain. 



To find the apex and deflection angle 
172°-3O'-30'^ 

168°-3'-30'' 

340°-34'-0" 

180®-0'-0^ 

Apex angle=l60®-34'-0''. Deflection=19®-26'. 

Tangent distant =2500 Xcot 8®-17'=428’08 ft. 

ZKLP=180®—168®-3'-30^= IT-SG'-SO^ 

Z PKL= 7®.29'-30^ 

sin ir-5r'-30*' 

KP=663'2X-=412-48 ft. 

sin 160®-34'-0^ 

Note .—As the apex angle is above 90®, use its supplemont, i.e., 19°-26'. 
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Bin 7‘’-29'.30' 

Similarly Z P=663-2 X -=259*9 ft. 

sin 19°-26'-0^ 

Hence KA=428 08—412*45=15-63 ft. 

Z B=428-08—259*9 = 168-18 ft. 

CO be set off from K and L both away from P to fix A and B. 

M. ch. M. ch. 

.*. chainage of starting point A={6-67*3)—(15*C3')=6—67—14*3 ft, 

half chord 50 • 

Sin tangential angle = 

Radius 2500 

.*. tangential angle = l°-8''-46'' ax)prox. 

The first chord must bo 85*63 ft. to make the chainage 6 milos-68 chains* 

85*63 

Angle for this chord = - X 68*76 =58 87' 

100 


(tangential Z=(l719x —'=68*76). 
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No. 

Chord. 

Angle. 

Chainage. 

M. ch. 

Remabks, 

1 

..85-6 

0—58-87 
1— 8-76 

0—68 


O 

..100 

2— 7-63 
1— 8-7G 

69 


3 

..100 

3—lG-39 
I— 8-70 

70 


4 

.. 100 

4—24-15 
1— 8-70 

71 


r, 

. .100 

5—33-91 
1— 8-76 

72 — 

new station- 

ii 

.. 100 

(V—4 2'6 i 
1— 8-76 

— «*> 


7 

.. 100 

7-51-4.3 
1— 8-70 

74 


S 

.. luO 

9_- 0-19 
1— 8-70 

75 


9 

..02-3 

9—l;V0 

0-75-02-31 



Ranging Curves by offset^. 
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(Ac)2 

1 st offset -- 

2 radius 

(C E)2 

Jj^econd and subsequent offsets = - 

RadiUa. 

A B=AC and CD=CE. 

Chord=1 chain ( 66 '). 

TcMe of Offsets for Bailway Curves (1#/ offset,) 


Radius 

ut 

curve. 

Offsets 

in 

inches. 

1 

1 

1 

Radius 

of 

curve. 

Offsets 

in 

inches. 

1 

1 

1 

\ 

Radius 

of 

curve. 

i 

i • 

1 Offsets 
' in 

inches. 

1 

1 

j 

» 

1 

Radius 

of 

c urve. 

1 

Offsets 

in 

inches. 


1 

j 

Chains. 

1 

Chains. 

1 

] 

1 

1 : 

Chains. 


1 

5 ' 

7:J 2 I 

60 

! 6 0 

14.5 

1 ' 

I 2 73 1 

1 

1 24n 

1-65 

6 : 

66 0 i 

65 

; 6 09 

1 150 

; 2-64 { 

250 

1*58 

/ 

56-87 I 

70 

j 5 6 -3 

' 155 

1 1^55 1 

26'> 

1-52 

h , 

4li‘5 1 

75 

1 5 28 

16!» 

! 2-47 1 

270 

1 -46 

' 

) 

44 0 1 

80 

[ 4 •!>.“) 1 

1 16.> 

2-40 ( 

28 ) 

1-41 

1u 

1 

.30 6 j 

85 

' 4-6.3 

170 

, - 

20 • 

1-36 

11 I 

36 0 i 

9n 

4-4 ; 

175 

2 26 

30 ) 

J-32 

i 2 i 

33 -0 1 

95 

4-i6 ’ 

180 

2-20 

31 ) 

1-27 

15 i 

30-46 i 

100 

3-96 • 

185 

' 2-14 

1, 

W 

1-23 

20 ! 

19-80 j 

105 

3-77 ; 

1 90 

i 2-08 

' 1 

33'• 

1-20 

25 i 

15-84 i 

1 10 

3-6 [ 

195 

! 2-03 1 

.340 

1-16 

30 1 

13 2 

116 

3-44 

200 

1 1 -98 1 

.‘15') 

J -13 

' ' 

• iD 

11-31 

120 

3-3 

205 

1-93 1 

360 

'll 

40 

i)-9 

125 

3-16 

210 

1-88 

37o 

I-07 

45 

8-8 ! 

130 

3 04 

r 

220 

1-80 

380 

ro4 

50 

7-92 1 

135 

2-93 1 

225 

i 1*76 

39i) 

1-01 

55 

7-20 i 

1 

140 

2-82 I 

23{) 

1 

1-72 

400 

•99 


For second and subsequent offsets double the value. 
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To Set out Curve hy Theodolite. 



Adjust the theodolite at A and fix the angle 
PAB, measure AB=1(I0 and fix a peg at B. 
Again fix angle BAC’=PAB and B C=100 and so 
on. Find the tangential angle from the table. 


Table of Tangential Angles for the following Radii, Chord —100 ft. 


Radius 

of 

curve. 

1 

Tangential 

angle. 

! Radius 

i of 

1 curve. 

1 

Tangential 

angle. 

Radius 

of 

curve. 

Tangen¬ 

tial 

angle. 

1 Radius 
of 

curve. 

1 Tangen- 
i tial 

! angle. 

i 

Chains. 

d. m. 

Chains. 

d. ra. 

Chains. 

minutes. 

Chains. 

1 

1 

' minutes. 

md 

14—19-5 

18 

1—35-50 

34 

65-55 

50 

■ 34-38 

3 

9—33'00 

19 

1—30-47 

35 

: 49-11 

51 

; 33-70 

4 

7— 9-75 

20 

1—25-95 

36 

, 47-75 

52 

1 33-05 

5 

6—43-80 

21 

1—21-85 

37 

i 46-45 

1 


I 

1 

0 

4—46-50 

22 

1—1813 

38 

, 45-23 


1 

1 

7 

4— 6*57 

23 

1—14-73 

39 

! 44-09 


1 

1 

8 

.3—34-87 

24 

1 — 11-62 

40 

4297 

if. fr. 

1 

1 

y 

3 — 1*10 

26 

1 - 8-76 

41 1 

41-92 

1-0 

1 32 -55 

1 

10 

2—51-00 

26 

1 — 6-11 

42 

40-92 

1 

1—1 

28-93 

11 

2—36-27 , 

27 

1— 3*66 

43 

39-97 

J—2 

26-04 

12 

2—23-25 

28 

1— 1-39 

44 

39 06 

1—3 

2.3-67 

13 

2—12-23 

29 

0—59-25 

45 

38-20 

1—4 

1 

21-70 

14 

2— 2-78 

30 

0—57 30 

46 

37-36 

1—5 

20-02 

15 

1—64-60 

31 

0—55-45 

47 

36-57 

1-6 

18-00 

Ifi 

1—4743 

32 

0—63-71 

48 

35-81 

1—7 

17-36 

17 

1—41-11 

33 

0 —i.2-C9 

49 

36-08 

2-0 

16-27 


l^OTJS.—d—degrees, m=minutes, if—miles,/r. furlong. 
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Rules for the Versed Sines and ordinates of Curves, 
Versed Sine V=R— 

Diameter of circles D=^^y" 

Length of ordinate —(R—V) 


Corvr Deviation 



Method of deviation 
from the straight path, 
in order to avoid build¬ 
ings, etc., coming into 
the way. 


Let ABCD bo a straight portion of tho road and N the building to be avoided. 

Measure oft HG some distance when the building can be safely avoided, 
from G draw an arc O GK, whoso radius is equal to a mile (minimum), and 
also draw two arcs BK and OC of tho same radius to meet the straight lino in B 
and C, then the linos EL and EF which join their centres will pass through points 
K and 0. 

Lot r=radius. 


LB=GE=FC. 


Lot d=requirod deviation=HG 
then BH=HC—(4r-^^57 
and tl^ arcs BK, KG, GO and OC are ^dr 

Example. —At the point A tho straight line has been deviated to the right 
at an angle of 28°-40'. It was considered advisable to join tho tangents by 4® 
curve. The chainage at A=14827 ft. 

sRadius for 4® curve=1433 ft. (see table). 

Length of tangent=1433Xtan. ^ 367'. 


Length of curve = 100 X 


28®.41 


.100 X 


f£73 

4 


s718 ft. 


40 
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The cliainage at the beginning of curve 
= 14827—367 = 14460' 

and ohainage at end of curve = 14460*f7l8' = 16178' 

As the pegs are at UM' apart, the curve begins after 144 pogs-fO i It. 

Central angle (apex) for 40'= \ 

^ ^ ' 10(j R D=14S-27. 


tangential angle = 


l°-36' 


Sot the theodolite at Ti to 
read Sight A. Fix the 

lower plate and adjust the 
upper plate 2° and fix a hag in 
that direction and fix peg No. 
145 at 40' from Tj 

Then unclamp the upper 
plate and set at 4°. Fix a flag 
m this diieciion at 100' peg 
No. 146 and peg No. 146 and 
so on till the peg 151 is 
loachod. After which 78 ft. is 
left for whicli tangential angle 

78x4 

T’he angles will be as follow :— 

0® —48'= 145 
2° -^8'= 146 
4° -^8'=147 
6“ —48'=148 
—48'=149 
10** —48'= 150 
12° -^8'=151 
14° —22'=T2 

The last angle (28°-44'), therefore the process is correct. 

The direction of Tj A has been assumed 0. 

If taken a8 2°*48' *. e., 1°-12' it will be asfollows :— 

2° — 145 

4° 146 

6° 147 

8° 148 

10° 149 

12° 150 

14° 151 

15° -34' Tg 

<15°>34'>—(1 -12')-=14°-22' (' 
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Value for different degrees of Curvature, 


A 

2° 

4® 

6® 

8“ 

10® 

' 20® 

30® 

40® i 

60® 

60® 

B 

1° 

2® 

3® 

4® 

6® 

10® 

16® 

20® 

26® 

30® 

R 

2866 

1433 

966-4 

716*8 

673*7 i 

i 287'9 

193-2 

146-2 

118*3 

100-0 

V 

‘436 

'873 

1*309 

1-746 

2-183 

4 374 

6*683 

8*816 

11-09 

13*40 

T j 

60‘0l 

50*03 

60*07 

60*12 

60-19 

1 

60*77 

51*76 

63*21 

66*17 

1 

1 

67*74 


A=aceiitral angle Bcatangential angle 


Rs=radinsin feet V=versedsine T=:lengili of tangent infeet= 
11X tan B 

Sempahore Signals, English Standard 


41 H 

f tT 

♦<•^8 I or 9 Korio L M N p 

ir ttITT 

P 4. 9 « T u y 

> r i f-tf f 

J W V n 2. 

g The signals can bo made by a man moving his arms* For long distances a 
flag can be hold in each hand. 

The lower arm simply shows to right of signaller. 

Casella's gradient Telemeter Level. 

This instrument records linear distances, gradients and difference of lever 
by one and the same observation without the use of tape or chain. It is similar 
in construction to y lovol, but with an addition of circle, on which are marked the 
gradients from 1 in 1200 to 1 in 10. f 
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The principle of the instrument is that the telescope is horizontal only when 
the index is at 0, The construction of the instrument differs from that of the 
y level in that the 8upx)ort for the “ Y” which carry the telescope is inclined and that 
there are two axes. 


Reducing and Enlarging Maps. 

(1) By means of proporttonOil compass, —Distances are measured from the 
map by means of the points at one end of the divider and are plotted on the copy 
with the opposite pair of points. The ratio of these distances can be fixed by 
the slide scale marked on the instrument. 

(2) The Pantograph consists of frame work of several pieces of wood or metal 
so joined as to form a parallelogram. It rests upon three points, one of which 
A is fixed and the other two B and C are movable. Those two points are in such a 
position that they will trace exactly similar figures. Any one of the three points 
can be a fixed point. These instruments are usually provided with scales indi¬ 
cating the proper sotting for various reductions or enlargements. 

Eidugraph is also used for reducing and enlarging drawing in any propor¬ 
tion. 


Judging Distances from Sounds. 

On a still day distant sounds may be heard— 

Human voice .. .. .. 150 yards. 

Military Band .. .. .. About 3 miles. 

Decrease of Temperature with Altitude. 

Rate of decrease of temperature is 1®F. from 273 ft. in summer to 474 ft. in 
winter. 
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BUILDING MATERIALS. 

STONES. 


Name. 

Locality. 

1 

i 

Uses. 

Oranito or Gneiss 

Ajmero, Bangalore, Burma 
Dalhousle, Jubblepore, 
Mysore and Madras, 

Building masonry paving and 
road metalling. 

Basalt or Trap., 

Bombay, Central India, C. R, 
Madras and l*oona. 

Rougb masonry, floor slabs 
and ruad>metal. 

Limestone 

Bombay, Shahabad Flags, 
Hyderabad, Jubblepore, 
Madras, Sarai Kala and Tri- 
chiiiopoly. 

Floorings, sills, terraced roofs 
and road>metal. 

^sandstones 

Agra, Bengal, Delhi, Dharm- 
sala, Gwalior, Jubblepore, 
Mysore, Rawalpindi, Saugor. 

For all purposes oi building 
works. 

tSlates 

Charaba, Dalhousie, Rajputana 
and iS. India. 

Chiefly for roofing and floor¬ 
ing. 

Marbles 

Gw^alior, Jaipore, Kashmere 
and iS. India. 

For ornamental building 
works. * 

Latrite 

Belgaunj, Mahabloswar, OrLssa 
and Western Coast of India, 

8uitab]o for road-metal. 

Kankar 

All over India 

For making limo and' for 
road-metal. 


Scales of Hardness of Minerals. 


1. Talc. 

2. Rock salt. 
2. Calcite. 

4. Flouspar. 


6. Etjlspar. 

7. Quartz, 

8. Topaz. 

9. Corundum. 


6. Apatite. 


10. Diamond. 


Each mineral in the above list can scratch those preceding and may itself 
bo scratched by those succeeding. ^ 
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a—BRICKS. 


Qualities of a good brick .— A first-class brick is distinguished by its uniform 
colour, evenness ol surface, sharjjness of edges and compactness of structure. It 
should give a clear ringing sound when struck and should not crumble to powder 
when scratched with nails and absorb more than 1-lOth of its weight when soak¬ 
ed in water for :J4 hour.s. 

Usual sizo.s of bricks :—■ 

Old Indian bricks .. .. .. 12''x6‘'x2|'' 


Punjab Irrigation 
Punjab P. W. D. 
Bcmgal P. W. i\ 
Madra.s 
Bombay 
London 


10 

9 

n 

9| 

9 

SI 


X5 X3 

X4i:X2| 

X4|-X2-^ 

X 4 J X.] 

X4,]-X2^ 

X4|x2i- 


The bricks are either slope or sand moulded. By the former method the 
mould is (hpped in water every time it is used to prevent the green bricks from 
sticking to the mould. By the second method it is sprinkled with sand. Bricks 
made by this method have a bettor surface and bricks used in all Government 
works are specified sand moulded. 

Brick moulds are generally made about 1-lOth larger than the .size of the 
bricks to be made to allow for shrinking on drying and burning : tlie oxact size 
depends upon the nature of the clay used. 

Best clay for bricks. 

(1) should not be too plastic or too sandy ; 

(2) should be free from mixture of kankar or lime; 

(3) should not contain any mixture of saltpotro. 

Test of Clays .— Test the clay by making a few bricks out of rt and allow 
them to dry in the open air. If the bricks crack it shows that the earth is too 
plastic and needs to be mixed with sand. If they break easily when thrown down 
on ground they are brittle and shoiv too much sand and arc apt to fn.so in burn¬ 
ing, i- c.) become Jhama. 

Brick-making .—-The following operations are perfoi-inod in brick-making :— 

(1) The preparing of brink earth, (2) the teinxiering, (3) the mouhling, 

(4) the drying and (o) the burning. 

The bricks are moulded by hand or by machine. 

Hand moulding is oithor ground moultJing or table moulding. Table moulded 
bricks have a raoro regular shape and a smootlior surface than ground moulded. 

Brick burning ,— In India, bricks are burnt in (1) clamps or (2) kilns. 

In the clamp {‘pa'iawah) the green bricks and fuel are placed in alternate 
layers for burning bricks in open air : and in the kiln (bhatha) the bricks are 
stacJted without any fuel and burnt from fire-places, arranged below the stack 
in which fires are lighted and kept up with fresh supplies of fuel till the biicks 
arc burnt. The kiln has a permanent enclosing wall inside which the bricks are 
arranged over flues whereas the clamps have no enclosing walls but they are 
merely a hoaj> of alternate layer: of bricks and fuel. Clamps are used when only 
one small supply of bricks are required. ^ 
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The fuel used in kilns is either coal or firewood and in clamps is mauure^ 
(AAcrfA), dried (50w-dung, grass or town sweepings (fcitra) with sometimes a little 
wood in the lower layers- Coke is also used where obtainable. 

The fire cannot be regulated once the clamp is started and the outturn of 
bricks is uneven. It takes longer time to burn eq[ual quantities of bricks than 
kiln hence unsuitable if the bricks are required at once. The out turn of good 
bricks is, however, better than kiln owing to the gradual burning and cooling. 

Brick kilns: Bull's Patent Improved Trench Kiln Construction.— The 
usual sizes are— 



Pi.VDIUS. 

1 

i 

1 No. of 

Width.! Cham- 
; bers. 

Length of 
Chambers, 

Length of 
Chimneys. 

Out¬ 
turn in 


Outer, 

fnnor. 


On 

inner 

l^all. 

Outer. 

Inner. 

soaaon 

in 

lacs. 

1 

57''0 

42' 

1 

U'i , 20 

18 


35 

• • 

15 


73'-0 

48' 

25 1 24 

19 


35 

24 

30 

3 

114''0 

89' 

25 j 40 

J 

18 

14 

35 

30 

6o 


Type of Bull’s Kiln Impboved Pattern (New Capital Works, Delhi). 


Size :—IST'’-!''' outer dia. 134"'•0 inner dia., 26'‘8" width and depth. 

Consists of 32 chambers, each chamber containing 27,5(.K) bricks and the 
total turn out of the kiln is 8 lakhs bricks in one complete circle. 

Labour required for— 

(1; Moulding—30 moulders, 9U coolies and one pair of bullocks for drawing 
water from existing wells. 

(2) Loading—40 coolies and 4 boldars. 

(3) Unloading—iO coolio.s and 4 beldars. 

(4) Firing—one mistry and two burners, two ])er each 12 hours. 

One moulder can mould 000—lOUO bricks in a day with the help of 3 other 
coolies. 

•Tools and plant for one kiln:— 

For moulding .—40 phaoras, 40 brick moulds, 40 buckets 12", 40 sand sieve 
and 400 wooden pallet boards. 

For burning ,—2 chimney base plates. 1 chimney 35' high for outer circle, 1 
chimney 30' high for inner circle, 8 chimney group of wire roj)o, 6 hunicauo 
lanterns, 1 pair tongs to set feed-hole mouth-pieces, 2 coal ladles for front firing, 
2 coal ladles largo for back firing, 4 shook iron for lifting feed-hole covers, 70 
C. I. feed-hole mouth-pieces, 70 C. I. f led-hole covers, 3 sots of 14 each dampei 
sheet iron, 3 key.s for damper, 6 chimney hole covers, 4 chimney hole dampers. 
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S iron rail sheets, C bridges, 4 crow bars to lift chimney, 4'Xl^^; 2 iron rods 12' 
long to rake coal, 2 'wooden templates to load bricks in kiln, 4 coal tubes iron 
42 covers for starting fire, 2 la<lders, wooden for loading and unloading kiln, I 
time-keeper, 2 sledge hammers, 2 coal shovels and 1 screen mesh. 

The following figure shows the type of Bull’s Kiln Improved Pattern— 

Canatruction of kiln .—In hard soil the trench may be unlined, in soft soil 
the walls should be of burnt bricks, and in damp sandy soil the excavation should 
not exceed 4'. The damper space and combustion chambers are shown in 
Fig. 3. The chimney is 35 ft. high, mounted on a cast-iron base plate on wheels, 
the axles of which radiate so that they will travel round the wall. When two 
chimneys are used, the chimney opening on the inner sides will be opposite 
those on the outer but will be only in width, and the chimney will bo only 
25 ft. high. The upper outlet into the chimney is controlled by an adjustable 
damper. Cross dampers. Fig. 5, are required to divide off the various sections of 
theldln. They should be made 2* smaller than the width of trench to prevent 
the centre key jamming. When fixing the cross dampers, great care must be 
taken to make them fit tightly. It is a good plan to drop a little dust or fine earth 
down behind them to close up any possible interslices owing to the irregularities 
in the floor. 

There are 5 combustion chambers to each damper length. The feed-holes 
are formed with the aid of templates shown in Fig. 8, there should be a feed-hole 
over each of the two outer walls, after that over each alternate wall 

9" of earth is evenly spred. The earth should be as light and impervious to 
air as possible. 

Firing ,— To start the firing, a temporary cross wall, see Fig. 1 is built, with 
lurnac(?s for bottom firing. 

About 150 maunds of coal is required for starting the firing of a 14 wall kiln 
and 250 for a 24 wail. For top firing good dust coal is required. 

4 sizes of ladles are required for top firing, see Fig, 9. , 

Wood Fire Kiln .—No furnaces are required for starting, wood is packed to 
.a depth of 3 ft. in a combustion chamber 1' wide and lit through fire holes, 
square at the bottom of the wall. 

The feed-holes should not bo less than 14" square. The chimney can be kept 
two or 3 lines further away from the burning, than in the case of coal firing. When 
-dry wood is procurable this method of starting a kiln may be used with advantage 
ior a coal fired kiln, and the furnace bars saved. > 
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LIME. 

There are two kinds of lime in use : white stone lime and kanlcar lime which 
is moi-e or less hydraulic. 

A 100 maunds of Meani white lime will produce as much as 56 raaunds of quick 
lime, which, when slaked with an equal weight of water, expands to about 
times its bulk, weighing 36 lbs. per c. ft. White lime should be used fresh from 
the kiln, if allowed to slake, it absorbs C 02 and becomes useless for mortar. 

Kankar lime, clamp or kiln burnt from clean kankar will bo ground till no 
residuo is loft when the lime is passed through a screen of 64 meshes pec sq. 
inch; and only freshly ground lime should bo used for mortar. 

Burning of Limestone .—The system of calcination may be (1) continuous 
or (2) intermittent. 

In the 1st system the fuel and limestone are placed in alternate layers and 
the burnt lime is gradually removed from the bottom of the kiln and fresh lime¬ 
stone and fuel added on the top. 

The 2nd system consists in firing, burning and discharging a kiln fuL of lime- 
stone each time. There is a waste of fuel. Each operation takes about one 
week. 

Limestones are calcined in clamps like bricks. The clamp consists of a heap 
of alternate layers of limestones and fuel, having fire holes below and covered up 
with clay to prevent the escape of heat. It is best burnt with coal. If fire-wood 
is used the small particles of lime get mixed up with ashes and hence poor quality 
of lime is the result. 

Charcoal or wood may be used for firing the kiln. The stone or kankar must 
be cleaned of earth and other impuiitics and broken to a 2" gauge. 

Alternative practicable methods of packing the kiln are as follows:— 

(i) Pack the stone metal in 3" layers with coaldust between layers. 

{ii) Pack a 4J'’ foundation of wood followed by altornaio 2' layers of metal 
and wood. Cover the top with mud platorod over with a 2' diameter hole in 
the centre. 

In method (i) wood or cowdung must not be mixed with the coaldust. 

10 pubic feet of coaldust arc required for 100 cubic feet of stone metal. 1 ton 
of coaldust measures about 40 cubic feet. 

Eor economy, the burning should proceed continuously, the kiln nottbeing 
allowed to become cold. 

The burnt material is drawn out daily, and replaced by fresh material and 
coaldust at the top. When the burnt material is withdrawn, it is handpicked; 
overburnt lumps are {li.scarded and underburnt ones reloaded in the kiln. The 
remaining material is slaked or ground fine in a mill. 

A suitable type of kiln 's given bjfilow. 
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TIMBER. 

(1) The greateet strength is generally to bo found between tho centre andl 
the sap and timber that is straight in its grain is strongest. 

(2) In the same class the heavier the better. 

(3) Tho fibrous tissues should not clog the teeth of the saw, or show wool¬ 
liness at a freshly cut surface. 

(4) Tho timber from which rosin has been extracted is not good, but iit 
resinous timber that with tho least resin in its pores is strongest. 

(5) The lower part of the tree gives tho stronger timber. 

(C) TJjo older the timber tho bettor, 

(7) Beam or sawn timber having through knots should be rejected. 

(8) A dull chalky appearance when cut is a sign of bad timber. 

(9) Dry timber is stronger than tlio timber saturated with water. 

(1(>) Tho heart is weaker than exterior parts and the bark is weaker than 
tho rest. 

(11) Density of timber is proportional to the tune in growing. 
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Before bringing the timber in use it should be well seasoned, i. e. free of sap 
otherwise it will rot. 

Rot is of two kinds (1) Dry rot, (2) Wet rot. 

(1) Dry rot is a state of decomposition of felled timber by dry rot fungi. 
When the growth is allowed to proceed unchecked the timber crumbles to powder. 

(2) Wet rot is a decomposition of the issue of a felled or standing tree> 
set up by the access of water through cuts in the bark. Timber that has been 
lying long in the rivers and subjected to alternate wet and dry reaches soon the- 
stage of wet rot. 

Cutting the stremged beam from a round log (approx,). 

Divide the diameter into three equal parts and draw' perpendiculars 
FB and ED at E & E to cut the circle at B and D. Join A BCD. Tina 
is the required beam; its depth d'=*81Hd and breadth h=‘^nd. 



Cutting the stiffest beam from a round log :— 

Divide the diameter into 4 equal parts and draw perpendiculars at E 
and E and cut the circle at B and D. Four points A. B. 0. D. joined will give 
the beam d' being '8&\d and b—'Tyd. 

Cast Iron. 

Cast iron is made from pig iron, the metal in this condition contains 2 to (> 
percent, of carbon, is hard and crystalline, very brittle and weak in tension, but 
strong in compression. Its density averages 450 lbs. c. ft. Uses .—Cast iron is 
employed for pillar bases columns and stanchions, lintols and bressummers, 
gutters, rain water soil pipes; low pressure heating pipes; pockets for floor 
beams and roof rafters ; external gratings, fire grates and accessories; gates 
and railings ; drain pipes, manhole covers, etc. Also for ornamental work 
in panelled fallings to masonry fascades. 

WROUGHT IRON. 

Good wrought iron contains very little carbon the limiting being ‘15 per 
cent. Its density is about 480 lbs. per c. ft. 

Uses .—For bolts, strops, large hinges, gutter brackets and beam stirrups, 
tie rods, connecting plates and '‘oldfasts, low and high pressure; heating pipes and 
steam pipes, heavy door and window \Jurnituro, railings, entrance gates, 
grelle.s, etc., provide a line and artistic field for the use of wrought iron. 




219 


It oxidises rapidly on exposure to damp. In fittings and furniture it is 
usually japanned while hot, where this cannot be done wrought iron should be 
painted before fixing and immediately on completion. 

Carbon varies from ’15 to rs per cent. 

STEEL. 

Mild steel contains not more than -5 per cent, of carbon and has a density of 
about 400 lbs. per c. ft. 

It is used in the production of British Standard sections. 

Cast Steel .—Is a crystalline, hard variety due to larger percentage of carbon, 
and is used chiefly for the production of keen edged cutting tools. 

Bressemer Steel .—Is a mild steel and is used in castings for the bases of 
largo stanchion-s, bridge bearings and for rolling into structural sections. 

Uses of Steel .—Mild steel is employed for the standard sections, used in 
floors, roofs and stanchions, reinforcing bars in concrete, tension members in 
composite trusses, good bolts and fixings, screws, metal, furniture and fittings, 
hinges, locks and casements. 


STRENGTH. 


Material. 


Compression. Tension. Shear. Bearing. 


Steel 

.. 7'5 


5‘o 

11-0 

tons 

W'rought iron 

.. o-O 

o-O 

4-0 

7 0 

99 

Ca-st iron 

.. 8-0 

1*5 

1-5 

lO-O 

99 


ff 

9$ ff 


99 

ff 


TEST POR METALS. 


Cast iron should be .struck lightly with a steel hammer which easily ensures 
detection of cracks or flaws by the sound produced. 

•Small beams l^Xl'^Xl'for clear .span or 2" deep X V broad X 3' clear span 
are usually tested for bending ; they should roughly support 1 ton and tons at 
centre respectively before breaking and the fracture should be sharp, clean 
and crystalline. 

Steel is tested mechanically to comply with the British »Standard Specifica¬ 
tion, which include tension, elasticity aiid both cold and hot bending. 


EXPANDED METAL. 

This material is formed by cutting and expanding either plain sheets or 
rib\)ed sheets of steel. The prepared sheets are knowm as Diamond mesh and 
Rib mesh expanded steel. Diamond mesh varie.sfrom 1^ to 6'^ across the short 
way of the mesh and is obtainable in sheets from 4 ft. to 8 ft. long X16 ft. wide or 
vice versa with great variations in the thickness of strands and tensile strength. 

Rib mesh is produced in sheets from 16" to 64" wide and 10 ft. to 24 ft. long 
with meshes 2* to 8" square. 

When used as reinforcement to concrete slabs these expanded sheets should 
be placed with the rib, or the long why of diagonal the short way of the slab, 
because the greater stresses occur in that diiection. 
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STEEL ALLOY'S. 


Niime. 


Uses. 


Vanadium Steel 
Nickel Steel 
Manganese Steel 
Chrome Steel 
Tungsten Steel 


Castiags for engine frames, forgings, axles, 
springs, etc. 

In Itjng span bridge construction, axles, shaft¬ 
ings, bearings, etc. 

In rads, on sever curves, safes, stone screens, 
(“rusher jaws and rollers, etc. 

For chisels, drills, saw blades, files, bearing, 
balls and rollers, etc. 

Used in magnets and to some extent in lathe 
tools. 


BRONZIO ALLOY8. 


Name. 

Copper. 

Tin. 

Zino. 

Soft gun metal 

Ki 

1 

• « 

Hard gun metal for bearings 

Ifi 


1 

Mathematical Instruments 

12 


• • 

Pumps (very lough) 

.32 


1 

Pump i»lungors 

14 


1 

Locomotive bearings 

112 

13 

i 

Engine bearings 


7 

1 

Boll motal 

3 or.') 

1 

• • 


BRASS ALLOYS. 


Name. 

Copper. 

Zinc. 

Tin. 

Lead. 

Stop cocks and valves 

88 

10 

2 


Stop cocks and valves 

73 

8 

7 

12 

Brass for soldering 

8 

3 

• • 

» • 

Miintx metal 

.3 

2 

« • 

• a 

Brass, various .. 

(10—02 
]' 27 

8—40 

1-3 

i-3 

Bron/.o for lamps.. 

6 

1 

1 
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ANTIMONV ALLOYS. 


Name. 

Copper 

1 

, Till. 

Lead. 

1 

j mony. 

Wlute Bronze .. .. 

1 

1 

I 

i 

1 8:i 5 

1 

■ 

11 

1 

Povter .. .. ..! 

1 

! 

\ 

\ 

1 100 


17 

Type Motal 

1 

1 

• • 

B 

1 

Whitfi Bra.ss 

1 

1 ! 

‘ 1 

• • • 


7 


NICKEL ALLOYS, 


Common German Silver 
Better „ ,, 

Electro 


Copper. 

1 Tin. 

1 Nickel 

00 

25 

15 

50 

25 

0“ 


:i-5 



VARIOUS ALLOYS. 


Name. 

Copper Tin. 

Zinc. 

Various. 

Silver Bell Metal 

80 

; 10 

6 

4 lead. 

Aluminium Bronze 

90 

1 

I 

1 

■ « 

10 aluminium. 

Phosphor Bronze 

82 

10 

• • 

71 lead, Jr iron. 

British Coinure Bron/e .. 

i 

^ i 

j 

1 

4 

1 

^ nickel, J 
phosphor. 
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PAINTS AND VARNISHES. 

The object of painting is to protect the materials from the action of heat* 
gases, moisture and also improve their appearance. 

Materials. — The chief material generally used in painting is either white 
lead or oxide of zinc well ground in raw or boiled linseed oil. 

Paints consist of— 

(а) Base (white lead, red oxide, oxide of iron or zinc white), 

(б) Carrier (oils). 

(c) Dryer (red lead, zinc, sulphate and litharge). 

(d) Colouring pigment (ochre, lamp black and other salts). 

(e) Solvent (turpentine). 

preparation of Paints. —The base is first ground in oil and then mixed to 
the required thickness for work in oil or spirits of turpentine. The pigments 
should then bo ground on a flat stone with oil until well mixed and then rend¬ 
ered fluid hy the addition of oil or spirits of turpentine and mixed with the 
base that has already been prepared. 

Mixing Paints. — 1 ewt. of red metallic paint in a stiff paste requires 3^ 
gallons of oil and ^ gallon of turpentine, and when mixed well, cover about 
(),0(;0 sq. feet m the first coat and about 9,000 sq. ft, in tho second coat. Boiled 
linseed oil should not be put in a ve.ssel which previously contained sweet oil 
or other non-drying oil without thoroughly cleaning the vessel. One teaspoonful 
of latt(»r would prevent tlio former from drying when used with paints. 

Dryers. —^The best dryers in use for paint are litharge and sugar of lead. 
The former is for dark and middle tints, the latter for light tints. 

Paint will not dry on smoked or greasy surfaces which should bo first washed 
with turpentine or sized. 

Painters Primming, —Primming is always the finst coat to fill in the 
pores of wood. 

Knotting. —Mix up 1 pint of vegetable naptha, 1 toaspoonful red lead, ^ 
or quarter pint Japanese gold size and 5 ounces orange shellac, put them into 
a warm place and shake until dissolved. 

Blistering, — Sometimes paints will blister simply because the coats are 
too thick. If tho wood is quite dry and the paint very good, it will sometimes 
blister if used too thick. The chief cause is, however, often moisture in the sub¬ 
stance painted and wood o.specially even when it is apparently dry may contain 
e. very considerable amount ''f moisture, and if painted when in that condition it 
is prevented from escaping until the wii^m sun converting it into vapour raises 
the paint and causes the blister. 



Amount Required to Cover 100 square 
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Method of Painting on Walls. 

Takft ^ bushol of fresh lime, and soak it in 
boiling water to a depth of 4 to 5 inches and 
mix well. Take a cask as shown, and fill it 
§rd with water, add one bushel hydraulic 
oonient and 3 lbs. zinc sulphate (after dissolv¬ 
ing in ivater). The paint is then ready for 

U.S0. 


Oil Painting on Walls .— Can be used on w'ood, brick or stone, etc. 

Ground quicklime (fresh) .. .. . - 1 part. 

White wind or fine coal ashes .. .. .. 1 part. 

Fresh wood ashes .. . - . • 1 part. 

Sierc it through very fine sieve. Mix well dry and add raw’ linseed oil to 
bring il to thm consistency. Then it is ready for using with required colours. 

The second coat should be thicker than the first coat. 

Best White Lead .. .. .. 5P lbs. 

Raw linseed oil .. .. .. 4 quarts or lbs. 

Dryer (or litharge) .. .. .. ^ lb. 

Finely sifted, sharp clean sand .. .. ."iO lbs. 

Raw Umber . . .. .. 2 Ib.s. 

Add turpentine .. .. .. ^pint. 

Apply with a large brush. 

Damp Wall Paints .—Damp wall paints can be applied as ordinary point. 
When' the dampness is very bad, it is advisable to put on two coats. It wdll dry 
hard, however damp the W’all may be. Paint or paper can bo safely applied 
without fear of damp penetrating. It can bo made in many colours. 

Take 2^ gallons paraffin, 2 gallons benzoline, and 14 lbs. pale rosin. Put 
them into a can; cork it and shako well, until the contents are dissolved, then 
add 24 lbs. best Whiting and grind the whole mixture through a paint mill, if 
possible, and keep airtight to prevent it drying too quickly. 

Paints far Black Boards .—Take Shellac one lb., alcohol one gallon, lamp 
black 4 ozs., powdered emcr’y, 4 ozs. and ultramarine blue, 4 ozs. 

Dissolve the Shellac in the alcohol. Place the lamp black, emery and ul¬ 
tramarine blue on a cheese cloth strainer, pour one part of the Shellac solution, 
stirring constantly and g .idually adding the solution until all the powders have 
passed through the strainer. ^ 




225 


The following materiala aro required to paint 900 s. tt. 


1. Knotting 

2. Stopping 

3. lat coat . 

4. 2nd coat 
o. 3rd and 

following. 
6. Flatting 
coat. 



Sc I. 

■g® $ f 

3 no ^ 

pc O 


Lbs. Lbs. Lbs. Quire. 
'3 .... 

4 -5 1-0 



lbs. iPints. I Lbs. iPints. 
•2 1 .. 


1, Raw liiLseed oil is chiefly used for inside work anti boiled oil for 
outside work. 

WEIGHT OF MATERIALS. 


Weight of one gallon Linseed oil = 9*4 lbs. 

„ ,, „ „ turpentine = 8-6 lb.s. 

,, ,, ,, ,, coal tar = lOT lbs. 




„ „ „ „ pitch = lO-O lbs. 

,, of 1 c. ft. of white lead ground 

in oil = 2i^2*0 lbs. 


MISCELLANEOUS. 


I.— Paint for Wago7i3 ajifi Engines. 

Chocolate red, dry 
Linseed oil, raw 
Turpentine 
Lryer.s 


Sufficient to cover 2,700 to 3,000 sq. ft. 

II.— OlpJverVs Metallic Paint. 

Olphert’s metallic powder (dry) 

Linseed oil (raw) 

,, ,, (boiled) .. ^ * 

Turpentine 


Total 


cwt. qrs. Ib-^. 

0 :) 0 

0 0 14 

0 10 
0 i) 4 


0 0 


.. 10 parts. 

• • t )* 

.. 1 part. 

• • 1 ,, 
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III.— Tar and Oil Mixture. 


Coal tar 
Kerosine oil 

Melt together and apply when hot. 

IV.— Formula for inside of tanks. 

White lead ground in oil 
Linseed oil (raw) 

,, ,, (boiled) 

Turpentine 


.. S parti 
• • I part. 


.. 28 Ibsk 
.. 7 „ 

.. 4 

.. 15 to 16 02 S. 


If l/j6th of its part of lamp black is added it will give beautiful slate colour. 

t 

V.— Tar Mixture. Ko. 1. 


Coal tar 
Pitch 

Napht ha oil 
Slaked lime 

Boil fully and applj* hot. 

VI.— Tar Mixture No. 2. 


S gals. 
10 lbs. 
1 gal. 
8 lbs. 


Coal t‘»r .. .. 672 lbs. "j 

Fresh slaked lime .. .. 84 „ >One pound will cover 26 s. ft. 

Kerosino oil .. .. 84 ,, j 

VII.— Formula for cleansing off old paints from iron work. 

Common Suji .. .. 1 part ) One mauiid is enough for 840 

Fresh slaked lime .. .. 1 „ > s. ft. 

VIII.— Order of Merit of Paint :— 

(а) Bed T^ad paint. 

(б) “A” Bed Lead paint. 

(c) “ B ” Bed Lead paint. 

(d) Orange T^ad paint. 

(e) VormilUonetto paint. 

(/) Permanent red paint. 
ig) Zinc white paint. 

(A) “ A ” Zinc white paint. 

(t) “ C ” Zinc white paint. 

(j) Lithopone paint. 

(A) White Lead paint. 

\l) A ” White Lead paint. 

(m) “ C ” White Lead paint. 
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Note on Caustic Soda — 

When this contains from 70 to 80 per cent, of pure salts, a solution of 2 lbs. 
caustic soda to 1 gallon of water will remove one coat of paint in 1 or 2 minutes. 
If left too long on wood-work it does harm, and will shorten the life of the timber 
considerably. It should bo applied with swabs, or rough brushes, made of old 
rope yarn, or unrefined jute. 

Bycycle paint. (1) Amber 8 ozs., linseed oil 4 ozs., asphaltum 1J ozs., rosin 

oz., oil turpentine 8 oz. Heat the linseed oil to boiling point, add the amber, 
asphaltum and resin and when all melted remove the heat and gradually add the 
turpentine. 

(2) Oil tar 4 ozs., asphaltum 1 oz., resin powdered 1 oz. Mix and dissolve 
with aid of heat, care being taken to prevent contact with the llama 

Canvas Paints — BuJJ. — To light stone add: ocher 20 lbs., lemon chrome 3 
lbs., extra oil, ^ gallon. 

Indian Red .—Indian red 112 lbs., whiting 56 lbs., bji-rytes 63 lbs. half 
boiled and half raw, oil 6 Gallons, soft soap, 7 lbs. 

White. —White lead 224 lbs. refined linseod oil, 1.5 lbs. soft soap, 7 lbs. 

Varnishing '.— Varnish is used to protect paint from the effects of the atmos¬ 
phere and also to give a glo.ss to the surface. 

In tho making of varnishes the gums or resins are reduced to powders and 
then mixed with the proper qiiantity of spirits in a jar. The jar is placed near 
the fire or in a hot bed of sand or in hot w'ater and the contents agitated by shak¬ 
ing and stirring until they form a liquid. These fluids can be afterwards thickened 
with gum or resin or thin used with spirits of wine. Strain before using 

Transparent Varnish. — Take 4 ozs. gum, and put in into a jar and simmer 
on oven. Let it go cold, crush it up, thou put it into 1 pint methylated spirit 
with 2 ozs. gum sandral. Apply it warm. This is very suitable for paper. 

Shellac Varnish. — Shellac varnish would do for cheap work. Mix 3 lbs. of 
shellac to a gallon of turpentine. 

Polishing .— French polish. A good French polish suitable for tho Indian 
climate can be made with tho following ingrodionts: — 

Dissolve in methylated spirit in .3 gallons Shellac, 3 lbs. bib Olibianim (isesa) 
^ lb., gamboge ^ lbs., oopal or sandral, h lb. 

Gum Benzoino (Lobana) i lb. 

Tile gums are crushed small and added to the spirit and mixture is agitated 
until the gums are dissolved. A warm bath aids the operation. 

The wood to be polished should bo first painted with a filler composed of 
5 lbs. whiting mixed with Jrd of a gallon of methylated spirit and then sand 
paparod. A thin coat of polish should then be applied and sand papered prior to 
second and third coat. Polishing should be done in dry weather. Copal varnish 
is tho best. 

PUTTY. 


Linseed oil 
Litharge 
Spanish whiting 
Dry white lead 


.. 12 ozs. 

.. 2^ tolas. 

.. 2 lbs. 

.. 2 ozs. I 


Mix them well together and heat 
with a wooden mallet. If it 
becomes hard, heat it before 
application. 4 lbs. is required 
for 1,000 s. ft. 
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To Soften Putt if .— Take lbs. of quick lime slake in water, add 1 lb, j)earl 
ash and make the whole of the consistency of paint, apply to both sides of the 
glass and let it remain 12 horns when the putty will be so softened that the glass 
may bo taken out. This method will remove old paint and varnish. 

Olue ,— Glue is prepared from waste pieces of skins, horns, hoofs and other 
animal offal. These are stripped, washed, boiled, strained, melted, rcboilod and 
cast into square cakes which are then dried. 

The best glue is transparent, and of a clear Amber colour, free from blacdc 
or cloudy spots and with little or no smell. It swells considerably when inserted 
in cold water without dissolving and does not return to its former size wdion dry. 
Inferior glue dissolves in cold water. 

Preparation of Olue .— It should be broken up into small pieces and soaked 
in as much cold ivator as will cover it for about 12 hours. It should then bo 
molted in a double fj^ue pot covered to keep the glue from dust. Care must be 
taken that the outer vessel is full of water so that the glue shall not burn or he 
brought to a temperature higher than that of boiling of watei'. 

The glue is allowed to dnirner for 2 or 3 hours then gradually melted, so 
much hot water being added as will make it li<[uid enough and not to mn oh 
a brush in a contirnious strcim wdthout brotrking into drojis. Too largo a quin* 
tity should not l)e mado at a lime. 

Size .— Size is made from best glue. A pound o1 glue makes about a uallon 
of size, size is used with earthy colouring matters to make them adhere to surfaces. 

Distempers .— Distomjiers .should bo applied in dry weather with a broad 
stiff brush and after the (ir.st coat has thorouglily dried. When lime plaster 
very smooth and no primming coat is used, a coaling of w'arin glue should tir.st, 
be applied, if rough a coat of Spanish white or chalk mixed wdth a solution of ghio 
is employed to render the surface smooth, 

Dhstompors are now' manufactured ready for use by diffoiout companies. 
Muraline and Shalleniar distempers have a slight advantage f>ver if.ill’s as they 
are easier to w'ork and present more even surface. Muraline ha.s the greatest 
covering ]iower and can be applied to wood with good rosults. They should be 
used as recommended by makers. 

They grow dark with ago. 

HINTS FOR PAINTERS. 


(1) Cleaning paint. 

Paint should be more often swept than .scrabbod, wlien it must be waslied. 
Use a little soap and plenty of water. 

(2) Removing old paint. 

Caustic alkali mado with the strongest solution of soda and boiling w'ator 
to w'liich is added soap (soft) made into a paste with fresh slak^l lime. Lay it 
thick with trowel and keep wot for two hour.^, then scrape it off, repeating the 
proce.sa if required. When c’^'an wa.sh off, then apply vinegar to neutralize the 
a|kali. Wash again. ^ 

(3) Removing paint smell. 
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Put 1 or 2 buckets of water in the newly painted room near the paint; with 
1 oz. vitrolic acid, added to each of the buckets and in every few days, this will 
absorb and rotain the effluvia from the paint or place a vessel full of lighted char¬ 
coal ill the room and throw 2 or 3 handfuls of jumper berries or take a handful 
of good hay and keep in a pail of water near the paint. 

(4) Removing paint spots. 

Give a thick paste of lime and soda, and in 24 hours after wash it off the 
wood with clean water. 

(5) Removing paint from dross. 

After a paint spot has dried, it is difficult to remove. When fresh, having 
wiped otT as much as you can, it oan be taken out by repeated application of 
spirits of wine, rubbed on with flannel. 

(rt) How to keep paint brushes. 

Rinse all brushes and pencils in turpentine after using, then grease with a 
inixturo of tallow' and sweet oil. I’his will prevent them drying haid ' tid stiff. 
Keep them in a closed tin. 
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CIVIL ENGINEERING. 


Foundaiicn^i. —Foundations play a very important part in tho construction 
of buildings and bridges. The width of foundations should be calculated 
accurately for a given load, if neglected most of the buildings begin to show signs 
of cracks. It is essential to see (1) that the load per square foot should not exceed 
the values in the table below. (2) That the load under the walls should be the same. 


Description of earth. 


Load in tons 
per square 
foot. 


»Sott, wet, muddy and marsh clay .. '25 to 0*33 

Ordinary mixed earth of the Punjab and U. P. of Agra and Oudh 0-80 

Made ground consolidated and black cotton soil .. *50 

Alluvial earth loams and loamy soil and clay loams .. ’75 to 1 ‘5 

(Soft chalk .• •• 1 to 

iford clay • • • • I "50 

Damp clay .. . • 1 ‘5 to 2 '0 

Stony or Rocky . - • • to 3^ 

Loose sand in shifting river bod .. 2| to 3 

Hard white chalk .. • • 2^ to 4 

Silted sand of tirm character, at depth 25' below’ .. 3^ to 4 

Solid clay mixed with very fine sand .. , 4'00 

Veiy compact, firm, and Ksandy foundation at a depth not less than; 

20' and compact sandy granite .. j G to 7 

Hard Rock _ J) ton'^. 


Tho width of the concrete in foundations should be 0" more on either side tho 
masonry in foundations to allow ramming of earth when filling is done. 

Jtule for Finding the Width of FovtidaticTis — Consider a section of wall as 
shown. It is built on hard clay. I'he width of the room is 20 ft. 



Above plinth area per sq. ft. =38xl| 
Plinth---3X2T^ =C-19 71-5 

Foundation =-1 X 2 —2 ‘06 

Foundation = --=6 oO 


Concrete =2 X x=2x 
Total =(2a:-f-86) s. ft. 

Weight =120 X 86 and 115 x2a? 

= 10320+230a; 
Weight of roof at 100 lbs per s. ft. = 


100X20 

2 


=1000 lbs. 


/. Total weight =(230a;+11320) lbs. 
?afo lofl-d on hard clay=l ton i. c., 2240 
Fob. per sq. ft 
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Total allowable load on foundation =2240z 

2240a;=230ar+11320 
x=5'6 ft. 


In practice for a safe load of one ton per 6, ft. 



Where d =depth of foundations in 


Let T=thickness of wall. 

Dj —depth of footings. 

Do == depth of concrete. 

Width of foundations =2T+12' 
Df-gTandDQ= 

or allow 6" concrete for every 10 ft. 
height of wall. Def>th of foundations 
(Kankino’s theory). 

W/1—sin. 0\2 
d ~ wtVl+sin. 

ft. 


w=weight of earth per o. ft. 
w=weight of wall per ft. run. 
t =thickness of wall in ft. 


<^=anglo of repose. 

Foundations on sloping ground :— 

On sloping grounds, the bottom of the trench must be formed into horizontal 
steps cut according to the slope of the ground to prevent unnecessary depth of 
foundations at the upper end and consequently a waste of masonry. 

Deep foundations in buildings. 

In case the foundations are required to take deep on account of bad soil, 
resort to piles or construct arches on square pillars at short intervals to carry 
the load. 

Foundations in made earth — 

Made earth must always be avoide<|if not, following measures must be adopt- 
ed to prevent unequal settlement. 
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Alter completing the excavation, painted 
and iron-shod hard-wood pegs, 4 ft. in length and 
Oin. in diameter on top, will be driven into the 
bed of the trench at 2 ft. intervals to a depth of at 
least 2 ft. They will be spaced as shown in 
diagram the work proceeding from the centre of 
the edge.s. 

The pegs are then drawn and the holes thus 
formed carefully filled up with clean coarse sand. 

(2) The bottom of the foundation should be 
well rammed and 6" to 12^ concrete laid on it. A 
row of steel joists is laid from one end t o the other. 
Sometimes longitudinal joists are also used (see 
Sketch above). 

The practice of using wood in foundations is 
objectionable. 



The weight of a brick wall together with the superincumbent load is JO tons 
per foot run. The width of the lowest footing course of masonry is / ft. If the 
weight allowed on foundatio.’^s be 2 tons per sq. ft., find the size and length of 
I Beams required, spaced 18 inches centf’e to centre. 
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l0£ici . m t « mm « 

W = 5 required length of beam) w=»7' 


..P=Ji.;’_=4 ft. 


S=U' 

■» 

Bearing pressure is 2 tons per sq. ft. 

„ „ 2 xl}=3 tons per 1| sq. ft. 

In column of 3 tons, we find 4' to agree with 12' girder 31*5 lb. per ft. (vide 
table below). 

Table of safe length of projection “ P ** in feet. 

S=12', and the bearing capacity of ground ranges from 1 to 6 tons. 




Bearing capacity in tons per sq. ft 

• 




__ 


_- 


— 

- 



- 



Depth of 

Weight per 



1 

1 





1 


1 ^ 

beam. 

foot. 

1 

u 

,4 

i 2 

1 

1 

H 

i 

3 

H 

4 

1 4^ 

1 ® 

1 



Ft. 

Ft. 

Ft. 

•I 

IFt. 

Ft. 

Ft. 

Ft. 

1 Ft. Ft. 

Ft. 

' Ft. 

Ins. 

lb. 

1,>*2 

13*6' 12-4! 10-8 

10*2 

96 

8-8 

8*1 

7-6 

7*2, 6*8 

24 

80*00 


12 *;i 

'11-4! 9*9 

9*3' 8-8 

8-1 

7-.'] 

7 *9 

6 * 6 ; 6*2 

20 

1 80 

12-3 

11-2 

10-2 

8*3 

8*3 

7*9 

7*2 

6-7 

6*2 

5*9 5*6 

20 

66 

10*9 

9-7 8-9i 7-7 

7*3 

6*9 

6-3 

5*8 

' 5*4 

5*1 

1 4*9' 

18 

55 

11*9 

U )-6 

9-7' 8*4 

7*9 

7*5 

6*9 

6*4 

5*9 

5*6 

6*3 

16 

80 

10‘4 

9*3 

8-5 

j 7-4 

6*9 

6*6 

6*6 

5*6 

;j *2 

4*9 

1 4.7 

16 

60 

8*9 

7*9 

1 7-2 

6*3 

5-9 

5-6 

5*1 

4*7 

4*4 

4-2 

4-0 

15 

42 

7*7 

0*9 

6*3 

0*5 

5*1 

4*9 

4-6 

4*1 

3*9 

3*6 

3*6! 

12 

40 

(r9 

6-2 

5*6 

4*9 

4*6 

4*4 

4*0 

3*7 

3*6 

3*3 

3*1 

12 

31*5 

0*7 

5*1 

4*7 

4*0 

3*8 

3*6 

3 3 

3*1 

2*9 

2*7 

2*6 

10 

26 

o-U 

4*5 

4*1 

3*6 

3*3 

3*2 

2*9 

2*7 

2*0 

2*4 

2*2 

9 

21 

4*4 

3-9 

3*5 

3*1 

2*9 

2*7 

2*5 

23 

2*2 

2*1 

1*9 

8 

18 

3-7 

3*3 

3 0 

2*6 

2*6 

2*3 

2*1 

2*0 

1*9 

1*8 

1*7 

7 

16 

31 

2'8 

2*5 

2-2 

2*1 


1*8 

1*7 

1*6 

1*6 

1*4 

6 

12*26 

2*5 

2*3 

2*1 

1*8 

1*7 

l-G 

15 

1*4 

1*3 

1*2 

1*1 

6 

9*76 


1*8 

1*6 

1*4 

1*3 

1*2 

1*1 

11 

1*0 

0*9 

•1 

4 

7*60 
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Very deep foundations :— 

The foundations for bridges are generally very deep. The nature of soil 
is examined by means of boring up to stratum of firm soil and then pits are 
sunk and the foundations laid. 

The foundation in running water is established oy means of caisson or 
coffer dams, which is merely a strong box without a lid. 

Safe Strength of Masonry. 

Burnt brick in cement 10 tons per sq. ft. 

1 st class brickwall in Lime mortar 5 tons per sq. ft. 

itrd class brick wall in mud mortar 3 tons per sq. ft. 

Lime concrete 5 tons per sq. ft. 

Beam Grillages for Stanchions. —For stanchions carrying heavy loads, the 
necessity for deep excavations and large masses of masonry in foundations 
may be considerably reduced by the adoption of suitable grillages, combined 
with stanchion bases, carefully designed to transmit the load. 

Those are generally obtained by placing on a layer of concrete, one, two, 

or throe tiers of 1 beam, according to the load to be distributed, and the bearing 

capacity of the ground. The beams in each tier should be kept sufficiently far 
apart to allow of the space being thoroughly filled with concrete. Cast iron 
separators, with through bolts, are generally employed to effect this. In cases 
where two or three tiers are found necessary, they should be efficiently secured to 
each other, and the stanchion base to the whole. 

The following diagram illustrates a grillage, consisting of two tiers of beams :— 
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DIAGRAM OF GRILLAGES. 



The overall dimensions of the lowest tier are determined by the boarine 
capacity of the ground, and to find the section of beams required in any tier 
Let W =total load in tons supported by the stanchion 
n=number of beams forming the tier 

w=load in tons supported by one beam=^. 

n 

I<=length in feet of each beam. 

Z=length in feot„ at central portion of boam, on which the load 
above it is distributed. . j . 

M=maximum bending moment in foot tons, in one beam (this occurs 
at the centre of length L). 
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The above bending moment is equivalent to that produced in a beam sup¬ 
ported at both ends, and carrying a distributed load “ w ” over a span=L— I, 
Therefore, on reference to this sjian in the table of safe loads, the size of beam 
to carry the load w may be obtained direct. 

WALLS. 

Rule for the thickness of walls in buildings (Engmeer-in-chief M E. S. 
Circular). 

Walls in one storey should not be higher than— 

120' for cement mortar. 

60' for lime mortar. 

20' for mud mortar. 

If N~ minimum thickness of wall exprn.ssod in number of \Y' bricks i.e., 
if N=1 the thickness =9". 

Quarters and Barracks. 



l“3 Cement 
mortar. 

Lime > 
mortar. ; 

I 

Mud 

mortar. 


n=! 

n= i 

n= 

Walls with cross walls not further apart than 
45' 

40 

H 

'+40 

h + h 

40 

Walls, length between cros.s walls unlimited 

J+-? 

40 

1 

40 

1 li + ?- 

40 

Minimum thickness for any storey height 

H 

H 

H 

Hft. 

16 

12 

10 

Worhshyps, large storea, etc. 


H 

^ +40 


Walls with cross walls not further apart than 
45' ground level thickness. 

1 

40 

1, . H 

Walls, length between cross walls unlimited, 
ground level thickness. 

40 

H 

^ +40 

H + ? 

40 

In both above cases the top 10' wall 

H 

‘>1 

“4 

3 

Minimum thickness for any ston-y height H-ft. 

Cement 

H 

16 

Lime. 

H 

1 

Mud 

H ‘ 

10 


Basement andfuundation v alls .should he thicker than the walls at ground 
level. 



SHORING BUILDINGS. 


Raking and flying ahorea :— 



Tho above figur..s show the usual method of slionug dangerous structures. 
Fig. (1) represents n “Raking shore” and Fig. (2) a “Flying shore,” 
lur shoring two houses. 

B B are tho braces in Fig. (1) and struts in Fig. (2). Tho braces .should bo 
Kxir in Fig. (1) and nailed to tho aides of r.iking shores to keep them 


rigid. C is a plank placed against wall. D T) D are tho timber needles 

passing through tho plant and leaving about 5" jirojection outside and 


let the same distance into tho wall. 


EEE are the cleats, spikoiUo the plank on tho upper side of each needle. 
A A A arc the shores. Sizes from d" X d" to 12" X d" according to tho sizo of build¬ 
ing, fixed to tho Bluok G buried in the ground. Tho I mgost shore is called the 
top rakor. The block G buried in the ground is called the “ solo piece ” and must 
bo bedded at a littio loss than right angles with the inner surface of the rakes 
so that as the latter are driven up, they tighten on tho .solo pieces. 

A system on 3 raking shores as shown above is suitable for walls upto 40 
ft. high . The raking shores should be about ID ft. apart and incline at an angle 
of 00 to 15 degrees. $ 
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The following are approximate scantlings;— 

Baking shcrea — 

Walls upto 20 ft. height , .4''X4'' or S''XS" 

Walls upto 30 ft. height 
WaUs upto 40 ft. height 
Walls upto 50 ft. and upward 


,.4^ 

..6^X6" or 9''x4i'' 
..S^XS^or 6''xl2'' 
..rx^or 12^x9' 


Flying ahovea — 

Span not more than 20 ft. 
Mncipal shore A 6''X4^ 
Struts B 4* X 4" 


^Span upto 30 ft. 
..O'xe^or 9^X9" 
. .6''X4' or 9^X6" 


Cliimneya — 

Sizes of fluea .—A section 9" X 9" is sufficient to carry off the smoke from 
very small gates; »*fluo O^XW" from ordinary domestic fire places and a flue 
14' X14" from large kitchen ranges. 

Chimney flues are usually plastered internally with a mixture of 1 part lime 
and 3 of cow-dung (design see part II). 

Practical foinia in tali chimney comtruction. —(1) The concrete and masonry 
of foundations should bo allowed to settle before the shaft is built. 

(2) Cement mortar should be used in foundations, but for the shaft best lime 
mortar well ground is preferable to cement as being less rigid, the cap may be 
in cement and rendered ; cement is liable to lose its power when exposed to great 
heat. 

(3) The bond usually adopted is one course headers to 4 of stretchers. 

(4) All joints should be well filled and carefully pointed. 

(5) Not more than 3 ft. of masonry to be carried up in one day. 

(6) Heavy caps should be avoided. 

(7) An arched and invert opening should be left in the chimney at or nearer 
the ground level to bo bricked ^terwards with firebricks 9" thick so as to allow 
easy access to the interior. 

(8) Stair cases:—General rule (Molesworth). 

R=Ri8e in inches. 

T=Tread in inches. I 

Tf 66^^ T> 1 Q rp i Standard—A 9" tread should 

, have a 7 riser. 

R not to exceed 7" nor less than 5^" \ 

T not to exceed 12" nor less than 9" ' 

Types of stairs — 

1. Straight flight stair unbroken or with intermediate landing. 

2. Rectangular open well stair. 

3. Dog legged stair. 

4. Circular stair for design see part II drawings. 

In ordinary wooden stairs the treads are from 1 to 1| inches thick ; risers 
I' to 1|", strings 1^" to 2", balusters 1^" to 2 square and newels 4' to 5" square 
and the other dimensions^ of course, vLry according to the circumstances, etc 
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WING WALLS AND RETAINING WALLS. 


All wing walls start from tho top of the head or the road level and splayed 
at an angle of 120‘* in the direction of bridge. 

The thickness at any height— of that height. 

For example, if a point N is 18feet high, the thickness =18 X = 7'2. Tho 
top thickness should be not less than 2 feet but for smaller bridges it may be IS"* to 
20". Tho thickness should be ^th of the height throughout, t’.fi., t'i at top and i 
at base. The batter on the front should be 1 in 12. 


SURCHARGED WALLS. 



If the wall is surcharged, increase the 
height h according to the following rule 
and find the value of b from tho table: 
For slope 1 to ^ multiply by 1*9 
slope 1 to 1 multiply by 1*7 
slope 1 to 2 multiply by 1 *4 
slope 1 to 3 multiply by 1*3 
Width of foundation :— 

Let ABGD bo a retaining wall* 
Produce AC till it moots the foundation 
line at PI Measure E P’ by scale and give 



offsets =d in the following way ;— 

P'ind out the area of ABEF and multiply 
by 120 if brick masonry and by 150 
if it is stone masonry. 

Ijot the result =W. 

Let a;=safo load on foundations. 

In the above case tho resultant passes | 
from the base and hence the retaining 
wall will fail if the offset is not given. 

W y 

Upto 20' height, d =| * 

W y 

Between 20'and 30, d X — --g-* 

T W V 

If stone masonry up to30, d=| X ^ 

As soon as d is found, lay this out in 
offsets as shown in the diagram by dotted 
lines. 

Example.— Lot the height of wall =24 
feet, natural slope of earth J to 1 and the 
masonry is of brick with a vertical face and 
batter at the back. 

According to table for Fig. A we find 6*6 
for 24' height 



a24 


then 24 : 6'0 ;; 28 : y 5 e i *■ ^ r 

y=7-7' ( foundation a= 4 feet) 

area E A B F= X28=-. 128*8 

W=128*8X120 = 15458 lbs. 



d=| X --g When x 


= 1 ton per sq. ft. 


d=f X 


16456 


2240 


7*7 

6 


= 3*3 ft. 


Total width at foundation level =-7'7 +3*3 
== 11 foot. 


Dry Retaining Walls and Dry Breast Walls. 

Top width 2', back vortical, front battor 4 to 1 » 
steps at back 3", all courses normal to the face 
and foundation at right angles to the face batter. 

The following is a section of breast w'all. 
When tho height oxcoods 10', it is advisable to 
])rovido 2 or 3 (‘oursos ui lime at every 2 foot height 
of the wall to give it moro strength and durability. 

No stone should bo used which is loss than half 
a cubic foot in size. Tho bod of eachstouo must bo 
not less than one and a half times its height, and at 
least half tho stones should tail into the wall twice 
their height. Stones must break joint by at least 
half the height of the course. 

Through bond stones should bo inserted in each 
course at five feet intervals, and all such stones 
must bo clearly marked with tar or paint on the 
inside face of the wall. 


ARCHES. 


'Phickness of arches :— 

A rough rule for quickly determining the thick¬ 
ness of an arch ring in a masonry enWert is 

•nX’V/R for one .span arch and *12 V^R for 
continuous arches. In general, thickness of arch 
=n X -y/jlT whore n has the following values :— 
Arch with one span :— 
n=*3.5 for Stone arches. 
n=*45 for Brick arches. 

Arch wdth more than one span 
n=*3 for Stone arch. 
n=:*4 for Brick arch. 
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Table of Thickness of Arches oj one Span , 


Kadius of 
curvature. 

Stone 

arch. 

Brick 

arch. 

Radius of 
curvature. 

Stone 

arch. 

Brick 

aroh. 

Radius oi 
curvature 

Stone 

arch. 

Brick 

arch. 

Ft. 

Ft. 

■ 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

2 

*49 

•67 

9 

1 -05 

1-35 

20 

f 56 

2*01 


*55 

•71 

10 

rii 

1-42 

22 

1-64 

2-11 

3 

•61 

•78 

11 

1-16 

1-49 

24 

1-71 

2*20 

H 

•65 

•84 

12 

1-21 

1-56 

25 

1-76 

2-25 

4 

•70 

•90 

13 

1-26 

1-62 

30 

1-92 

2 •46 

U 

•74 

•95 

14 

1-31 

1-68 

35 


2*66 

5 

•78 


15 

1-36 

1-74 

40 

2-21 

2-84 

5k 

•82 

ro 5 

16 

rio 

1-80 

45 

2-35 

3-01 

0 

•86 

1-10 

17 

1-44 

1-86 

50 

2-47 

3-18 

7 

•92 

mm 

18 

1-48 


55 

2-63 

3-38 

8 

•99 

V27 

19 

1-52 

1 - 96 ' 

60 

2 - 7 ll 

3-18 



Table of Thickness of Arches of more than one Span, 


2 

•42 


9 

•90 


20 

1-34 

1-79 

2k 

•47 

•64 

10 

■95 

1-26 

22 

1-41 

1-88 

3 

•62 

■69 

11 

TOO 

1-33 

24 

1-47 

1-96 

3k 

•66 

•75 

12 

1*04 

1-38 

25 


2-00 

4 

•60 

•80 

13 

ro 8 

1-44 

30 

1-64 

2-19 

4 i 

•64 

•86 

14 

ri 2 

1-50 

35 

1*78 

2-37 

5 

•67 

•90 

15 

1‘16 

1 • 55 

40 

1-90 

2-53 

5i 

•71 

•94 

16 

1-20 


45 

2-01 

2^68 

6 

•74 

•98 

17 

1-24 

1-65 


2-12 

2-83 

7 

•80 


18 

1-27 

1-70 

55 

2-22 

2-97 

8 

•85 

ri 3 

19 

1*32 

1-74 

60 

2-33 

3-10 


Spandril waUs. —Tlie walls built on the top of tho arch rings up to the level 
of tho road way. * 
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Table of Rise of Arches. 


Angle. 

Rise 

span 

Angla 

1 

Rise 

Span 

Angle. 

B 

Angle. 

Rise 

Span 

60® 

*la4 

o 

o 

o 

•233 

130® 

•319 

160® 

•420 

o 

o 

* -iss 

110® ‘ 

•260 

140® 

•.150 

170® 

•458 

80® 

•182 

120® 

•289 

150® 

•384 

180® 

•500 

90® 

1 

•207 

• • 

• • 

j 

t • 

• • 

• « 

• • 


Usefnl Dimevsions for Arches. 


^ O' 


Rise 

Cliord 




1 

i 

1 

~r 

O 


Radius 

= Chord X 


•5 

•54 

•625 

•725 

1-30 

Arc a c 

b Chord X 


1-57 

1-27 

ri6 

1-10 

1 036 

Aiea a 

d c + b e c a= 

Chord X rise 

X -22 

•27 

•30 

•31 

•33 

Area a 

c b a = Chord 

X rise X 

•785 

•73 

•70 

•69 

•67 


Badiu8=iy:J?',^ 

2 r 

Skew Arches. 


A skew arch is one whose axis is not at right angles to its face, or whose two 
ocSlitre lines in plan are not perpendicular to each other. 

A skew-back is the sloping surface against which the springing of an arch 
rests. 
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A=Angle of skew. 

R=Radius of aroh. 

S= Span on the squares. 
W~ Width on the square. 
V=^ Angle of arch. 

Q—Span on the skew. 
T=Length of impost. 



L=length of arc =’0349 RV 

In case of semicircular arches:— 
o 

. L«ilT)7()5S=_x90x-0349= 90xRx-0349 

{Molesmrth). 



Method of striking a skew arch foT small 


Lot A B bo tho face of the arch and C D 
the 8])an and K C tho thickness of arch 
and A 0 and B D tho thickness of abut¬ 
ment on front face. 


Bring tho masonry of abutments C A E J and I) B E K to springing line and 
fix tho thickness of arch C H on it. Draw (3 M perpendicular in such a way that 
the offset M N=l foot. Similarly make D P=:l foot. Draw P Q perpendicular at 
P, joining the lino of abutment D K at Q and proceed as in sketch, care being 
taken that all such arches are in bond. 

Tho generally accepted method for tho skew arch is to make a portion of a 
hollow cylinder in which the arch stones are laid in parallel spiral courses and 
with their beds worked in such a way that in any section of the cylinder per¬ 
pendicular to its axis tho linos formed by their intersection with tho plane of 
section shall radiato from the axis of tho cylinder. By this method the soffit 
of each stone will be a portion of a cylindrical surface and the twist of the beds 
will bo uniform all over the arch. Therefore, knowing once for all the angle of 
twist, the working of the stones is not very much more difficult than with the 
ordinary square arch. 



tviensioHs of StmicircuUir Arched Culverts for 
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Dimensions jf Segmental Arched Culrerls for nailways. 
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Dxmmaions of Segmental Arched Culverts for Railways —concld. 
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CENTERING. 

A centre is a temporary structure of timber for supporting an arch while 
it is being built. 

It consists of parallel frames called ribs placed 1 to 6 feet apart and covered 
with planks laid close called laggings upon which the arch stones directly rest. 

Avoid mortise and tenon or other expensive joints. Avoid long nails and 
spikes and instead use iron gusset plates, bolts, dogs, coach screws or the like, 

Striking cerUrea .—When centering has to be removed or “ struck ” some 
means of “ easing” must bo arranged before lowering them clear of the finished 
work. This is done by means of wedges. Their usual size is 12* to 24^ long 
by 6^ wide, slope ^ only, the object being to lower from 2* to 6* very gradually. 
The alternatives are screw jacks and sand boxes. 

The proper time for striking centres is a disputed point among different 
lingineers ; some are of opinion that it should bo done as soon as the arch is 
finished and sufficiently backed up ; while others are of opinion that the mortar 
should bo given time to harden. 

For a 50 foot span not more than easing should be done in one day; 
lowering by ^th of an inch. 

With ordinary lime, centres should be eased while mortar is still green, as 
.'‘oon as the arch is loaded to stability and struck on an average from 5 to 8 days. 

Centering for concrete should not bo disturbed for at least 15 days. 

Whore a series of spans are arched, the centering of at least two should bo 
left in whilst the third span is being built and not removed till this span is com¬ 
plete and set. 

Thickness of lagging (Trauiwine). 


Dist. 


Span of Centre in feet. 



apart of 
frames, feet 

10 

20 

50 

100 

150 

200 

(i 

Inches. 

H 

3| 

H 

H , 

5 

Si 

5 



H 


3i 

1 4 

4 

H 

2* 

2i 

2i 

2i 

3 

3 

H 

H 

H 

H 

2 

2 

2 

i 

1 

1 

H 

H 

H 


Note.—T hickness of close lagging not to bend more than | inch. 

It is better to increase the number p{ ribs than the thickness ot laggings. 
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Loading •C'entfw.—The load during construction is gradually increased from 
the springing to the crown. 





Otmtaing for Skew Archee, 

The centres upon which Skew Arches are constructed will bo different from 
those for square ones, and are a little more difficult to make because the ribs 
should bo placed parallel to the face and not to the centre line of roadwaj^ The 
laggings have to be very carefully fixed and planned up true to templet cut to the 
curve of the soffit, and upon this depends the accuracy of the work. The laggings 
are made close, and upon them the coursing and heading joints are marked. To 
do so the face lines are drawn and bisected and a bevel lino drawn along the 
crown of the centering from centre to t:ontre of each face. Upon a long, thin 
straight edge the divisions of the heading spiral are transferred from the rod 
previously prepared as stated. The length of the straight edge is equal to the 
distance from impost to crown of arch. Starting at the end of one of the imposts 
the flexible straight edge is bent round the centering and a series of heading 
spirals drawn from impost to impost through the divisions on the centre line and 
corresponding lines on the checks on the springing stones. The divisions on the 
straight edge are transferred to the heading spirals, making sure that the centre 
line of the crown passes through the centre of a division in every case. 

Having thus found these points, the coursing spirals are drawn, which will 
coincide A^th the coursing joints in the soffit of the arch. Finally the heading 
ooiots are marked and the number of each arch stone chalked on to facilitate 
laying. The face joints, unlike the heading joints, are not perpendicular to the 
curve of the soffit, but will make vaiious^angles with the coursing joints. 
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REINFORCED BRICKWORK. 

(By A. K. Datta, b.e., c.e., a.m.le., Consulting Engineer). 

Reinforced brickwork is a general terra for brickwork built in cement mor¬ 
tar, with steel or iron, in the form of rods, bars, or hoop iron, thoroughly embedded 
in joints of cement mortar or cement concrete; the two materials , viz.^ brickwork 
and steel are so combined as to produce a more economical material than either 
acting alone. 

The underlying principle in all reinforced work Whether of concrete or of 
brickwork is that concrete or brickwork takes up compression and steel 
reinforcements take up tension. Wherever there is any tension steel is to be 
provided. 

Cement concrete is stronger and stiffer than brickwork in cement, but the 
former is much more costly than the latter as the consumption of cement is nearly 
double and the centering or shuttering is more expensive. Brickwork is much 
more plastic than cement concrete and is much less affected by heat or cold. 

Adhesion between Concrete and Steel :— 

In a reinforced concrete or brickwork structure the tensile stresses developed 
are taken by the steel and the compressional ones by concrete or brickwc)rk. The 
two materials, viz., steel and concrete or brickwork will bear their share of stresses, 
so long as there is no relative movement between the two ; if that be otherwise, 
the concrete or brickwork structure (say a beam) is like one cast with holes with 
rods inserted in them. Tlie strength of the beam will be no greater witJi the rods 
than one without them, becaase relative movement between steel and concrete 
or brickwork would then be possible. In all reinforced structures good bond 
strength between steel and cement concrete or mortar is absolutely essential. 

In case of concrete that is taken as 100 lbs. per sq. inch as safe. In case of 
reinforced brickwork with round rods the same value may be taken. In case 
of flat bars or hoop irons the value should not exceed 60 lbs. per sq. inch. 

Brief Review of Reinforced Brick work Construction :— 

(fl) Materials for construction 

(1) First-class bricks. 

(2) Portland Cement. 

(3) Sand. 

(4) Brick or stone chips (|" gauge) in case of concrete. 

(.)) Mild stool rods for reinforcements. 

(6) Materials for centering :— 

(1) Supports for centering, as joists, sal sleepers, ballahs, plank ribs, 
si^l sections of rails and similar things. 

(2) Planks, iron sheets on frame work, thick bamboo pieces or thin 
bamboo challies, sal farrahs (side planks of sal logs sawn) and similar 

^things spread over the supports. 

(3) Earth rubbish, sand, spread over the plailks to make the surface 
smooth with a little camber at centre. This camber is kept usually 
as to I'' per 10 ft. of span. 
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(4) A thin coat of weak lime plaster is often used on the centering for a 
smooth surface as it is not easily disturbed during construction. 

(c) Procedure for construction :— 

(1) A centering is first constructed. 

(2) Reinforced brickwork structure is constructed over it. 

(3) When the cement mortar of the structure had set hard the centering 
is removed. 

(4) The structures are thoroughly watered for two weeks after con* 
struction. 

The centering for the slabs are usually removed 6 or 7 days after construc¬ 
tion and in case of beams 2 to 4 weeks according to the nature of the beams. 

(5) The proportion of cement mortar usually adopted is 2^ or 3 sand to 1 
cement by volume, in case of good coarse sand 3 to 1 proportion can 
be used. The. cement mortar should have a tensile strength of 160 
lbs. per sq. inch (preferably lbs. per sq. inch) in 7 days. 

(6) The proportion of the concrete should bo rich in mortar, 1 : 2: 3 of 

1 : 2^: 3^ or 4 are msually adopted in reinforced brickwork. 

(d) Theory of construction :— 

(1) Steel takes up tension in all cases. For positive bending moments 
in beams and slab, steel is used at bottom and for negative bending 
moment as for fixing of supports at ends, steel is used at top of the 
beam or slab. When the shear stress in the beams or slabs runs up 
very high, say above 20 or 25 lbs. per sq. inch, vertical stirrups are 
used for taking the shear. 

(2) Brick in cement takes care of the compression, and part of the shear. 

(e) Essential features for construction :— 

(1) A suitable economical design. 

(2) Careful supervision. 

(3) Good materials. 

(/) Special points of supervision :— 

(1) Rigidity of centering, 

(2) facility for its removal, 

(3) steel placed at the required position, thoroughly embedded in cement 

mortar or cement concrete. The cover of mortar on the steel from 
the bottom sides should not be le.ss than f" and cover on rods from the 
side bricks should not be less than f". 

(4) All joints must be full and no voids are to be left. 

(5) Bricks are thoroughly wetted and washed clean of kiln dust before 
use. 

(6) All mortars must be mixed first dry and then wet. Only so much 
dry mortar is to be mixed up with water which will be usea up in the 
work within 16 minutes from the time of mixing. 

(7) Heinforcod brickwork should be kejit moist continuously for 2 weeks 

and after that occasional watering should be done. 

(8) Special care must be taken to secure the joints of steel very sound and 
intact. Lapping of rods should be 40 ^ameters with hooks at ends. 
Hooking like that as done in telegraph wires with an extra lapping 
piece is also quite reliable. 
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{g) Applicationa in conslrttciion :— 

Reinforced brickwork lintels.— very extensively used throughout India. 

Reinforced brickwork Slabs :—extensively used at the now Capital Works, 
Patna, at the Benares Hindu Universiiy Works, Benares, at the now 
Delhi Construction, Delhi, at Sir Ganga Ram’s Hydro-Electric Works 
at Ronala Khurd, Punjab, and in anj' number of places throughout 
India. 

Reinforced brickwork beams :—very extensively used at the Benares 
Hindu University Works ; at many places at Patna, Lucknow, Cawn- 
pore and other places R. B. Beams had been extensively used. 

Reinforced brickwork partition walls in extensive use throughout 
India. 

Reinforced Brickwork Girders ;—many heavy girders had been 
construetod at the Benares Hindu Univeisity, the heaviest is for the 
Arts College Hall on 36 ft. designed for a load of 153 tons. 4 R. B. C. 
girders are being constmctod for a hall 60' 6" X 77' each designed for 
a load of 171 tons on 63 ft. effective span. 

Reinforced brickwork pitching :—had been extensively used at Sir Ganga 
Ram’s Hydro-Electnc: Power House Channel at Keiiala Khurd. 

Reinforced brickwork syphon ;—has been constructed on L. B. D. Canal 
at Renala Khurd, etc , etc., etc. 

Formulae for Rectangular Beams ;— 




n 

'3 


• • 


( 1 ) 

( 2 ) 
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Resisting Moment =M=Sectional area of steel ^ maximum stress in steelf 

X lever arm 


*= • t • a 


= Aj. * t • jd • 


n=» t • pjbd®. {H) 

M=a^c‘kjbd^ .,....(4) 


Fibre stress for given bending moment;— 


t 


B 

'^pjbd* 


(5) 


^ 2B 
kjbd2 

t k 

c ” 2p . 

Jstoel ratio for given Working stresses ;— 



2c (me + 0 . 

Seneral relation between stresses, bending moments, etc;— 
t ^ ^ 

- =a* "i =: where y = (d—n) . 

my n 

bn® n 

Moment of inertia s= ^ (d —'^ ) . 


(6) 

(7) 


. ( 8 ) 

(9) 

( 10 ) 


, s 

Intensity of shear stress = s = ^ 


( 11 ) 


Intensity of bond stress 


vertical shear 


total perimeter of rods X lever arm. 


S 


O* a 


( 12 ) 


Sectional area of steel required for stirrups in a certain section of 


beams 


B, -B 


a X fa 


3L 


difference of bending moments, 
lever arm X 


1^'' ^ 


;e shear stres^in steel 


U3) 
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T f^eam 


Formul® for T beams :— 

Case 1 —Neutral axis is in the flange :— 

The formulae for the rectangular beams should be used. 
Cctae II ,—Neutral axis is in the stem ;— 

The following formulae, neglect the compression in the stem. 

The position of the neutral axis :— 


, , 2mA,d + bd'* 

n = kd a —__ ^ g 

2 m At + 2bds 

For lever arm :— 

Position of result.ant compression ;— 


Z= 


3kd — 2d 
"2kd — d, 3 


Arm of resultant couple ;— 


=* jd =s d — z 


For resisting moment ;— 

^=A^ t. jd=A X t (d — z) 

t/ 

For atrcsaes :— 



c 

o 

t 


M'kd 

bd-(kd - id^ ) jd 
m(l—k)* 



( 1 ) 

( 2 ) 

(3) 

(4) 

( 6 ) 

( 6 ) 

( 7 ) 
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Where 

a =3 lever arm or arm of the resisting couple formed by the compreg. 

sive and tensile stresses in a beam, 
b — breadth of a rectangular beam parallel to neutral axis. 
bg=3 effective breadth of a slab in a tee beam. 

d =±i effective depth of beam (distance between the compression edge and 

the centre of the tensile reinforcements). 

d_as total depth of a slab in a tee beem. 
s 

c = Intensity of compressive stress in concrete or brickwork, 
t = Intensity of tensile stress in steel, 
j s* ratio of lever arm and effective depth = a/d. 

k =» ratio of depth to neutral axis from compression edge to effective 
depth = n/d. 

E 

m = modulus ratio between steel and concrete or brickwork *a ..L. 

Ec 

n =s depth to neutral axis from the compression edge. 

•^t 

p =s percentage of steel =a - X 100. 

^d 

y = the distance between neutral axis and centre of steel. 

A *■ Sectional area of steel in tension in beams, 
t 

B = Bonding moment. 

1 = Moment of inertia. 

M = Resisting moment or moment of resistance of internal stresses in 
a beam at a given cross section. 

W = weight or load. 

z = distance between the compression edge and the line of resultant 
compression in a tee beam. 

o ss= Perimeter of the reinforcing rods at any section. 

Values for Reinforced Concrete 

E 

Modulus ratio = m =_= 16. 

Ec 

Steel in tension = 16000lbs. per sq. inch. 

Steel in shear (diagonal tension ) = 16000 lbs. per sq. inch. 

Steel in compression ;—16000 lbs. persq. inch. 

Concrete in Compression (transverse) :—600lbs. per sq inch. 

Concrete in compression (columns) ;—600 lbs. i>er sq. inch. 

Concrete in shear :—60 lbs. per sq. inch. 

Concrete in diagonal tension:—40 lbs. per sq. inch. 

Adhesion of concrete to steel:—100 lbs. per sq. inch. ^ 

Reinforced slabs are designed as beams, considering its width as 

1 ft. reinforce man ts, etc., are desJigpe^ per ft. t^dth. 
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Safe stress, etc., for Reinforced Brickwork. 

Modulus ratio=m=s=Bg/Ejj=60 (varies between 40 to 60 according to the 

quality of bricks and mortar used). 

Steel in tension.=16000 lbs. per sq. inch. 

Steel in shear (diagonal tension.... 16000 lbs. per sq. inod. 

Brickwoikin compression (bending)• 260 lbs. per sq. inch. 

Ditto ditto with hoop biuders. .3o0 lb', porsq. inch. 

Ditto dit o for thin slabs as 3' to 8^. .300 lbs. per sq. inch. 

BrioKwork in <iirect comprepsion — lO tons per eq. foot or 176 lbs. persq. 
(^olaoins) moh. 

Ditto with hoop binders 300 lbs. per sq. inch. ^ 

Brickwork indiagona i tension.25 bs. persq, inch (fo) to 1 

Cement mortar). 

Adhesion of brickwork (2| to 1) t<i steel (Bound roos) 100 lbs. per sq, rnoh* 

m=16. 


II 

k= 5-. 

cl 

it 

II 

a]? 

M 

bd2 

with 

t=l{M)0 lbs. 
per sq. in. 

F 
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•6 
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BEINFORCED BRICKWORK LIME BRICKWORK SLABS FOR ROOFS 

AND FLOORS OF BUILDINGS. 

(R. B. L. B. Slabs.) 

(Patent.) 


R. B. L. B. SLABS provide a very cheap and efficient system of roofing 
.and flooring for buildings. They are much cheaper than reinforced brickwork 
or reinforced concrete slabs. They consist of alternate ribs of brickwork in ce¬ 
ment and brickwork in lime with the reinforcing rods embedded in cement mortar 
I or cement concrete joints. The economy in those slabs is due to the great saving 
in cement in the construction of the slabs; R. B. L. B. Roofs are absolutely 
watertight. 

In reinforced brickwork and reinforced concrete the construction is expen¬ 
sive owing to the large quantity of cement needed. The use of cement is essential 
mainly to protect the steel reinforcements against corrosion, it having been found 
that steel or iron embedded in cement mortar or cement concrete will not corrode 
and IS preserved indefinitely as long as the cement covering is kept in tact. On 
the other hand steel or iron embedded in lime mortar or lime concrete will corrode 
probably due to the pervious nature of covering material and the penetration 
of moisture to the reinforcements. 

The cement also has other advantages in that the adhesion between the 
Teinforcing rods and the cement mortar or concrete is good. 

Limi,' brickwork or lime concrete on the other hand, when properly set, has 
ample compressive resistance. Its resistance is not anything like as great as 
that of cement brickwork or concrete but is generally ample for practical purposes, 

In these slabs reinforcing rods are surrounded by a relatively small quantity 
■of cement mortar or cement concrete. 


It has been found that if a small proportion of cement be added to th^; lime 
mortar or lime concrete, it not only improves the fime mortar but causes it to 
take its initial set much more rapidly. 

For instance, if to the lime used in lime mortar or lime concrete a proportion 
of cement be added equal to t/9th or so of the weight of the lime mortar, the 
initial set is much accelerated and the slabs in the course of a few days can have 
its centering struck or removed, having sufficient strength to carry its own weight 
successively. In the course of a few weeks the lime in the mortar also hardens 
and the whole Structure incroa.sos in str ngth. The adhesive strength of the 
lime mortar is very greatly increased by the addition of small amount of cement. 
The centering of a R. B. L. B. slab is usually removed after 7 days or so. 

The usual proportion of cement mortar embt^dding the rods is 2 \ or .3 sand to 
1 cement (by volume) or 1 : 2 : 3 or 1 : 2 J : 3^ or 4 cement concrete. The strength 
of cement mortar is dependent on the qualities of cement and sand used. 


R. B. L. B. Slabs have been used on e.xtensive scale at Ronala Hydro-Electric 

worte, I, 
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Of all romforced works, whether of brickwork or of concrete these slabs 
produce the cheapest roofs and floors for buildings. The plates (see Part II, 
pages 241-266) show the particulars of this system of roofing as actually used in 
1923 at Eonala Hydro-Electric Works, Henala Khurd, Punjab, and designs for 
roofs, and slabs on different spans upto 16 ft. In actual construction two 
mortar pans, one for cement mortar and the other for the lime mortar, are used 
by a mason. A good mason with a few days practice will easily construct 100 sq. 
ft. or 5 inches K. B. L. B. Slabs. 

REINFORCED BRICKWORK LIME CONCRETE SLABS. 

(R. B. L. C. Slabs). 

(Patent). 

Lime concrete is a cheaper material than brickwork in lime and much cheaper 
than brickwork in cement or cement concrete. In strength good lime concrete 
practically rivals brickwork in cement. 

Crushing strength of brickwork in cement = *19 to -27 tons per sq. inch. 

Crushing strength of ordinary concrete=‘38 tons per sq. inch.* 

The author also tested the crushing strengths of brickwork in cement and of 
lime concrete. 

The strength of brickwork in cement mortar varied between 550 to 750 lbs. 
per sq. inch or -25 ton to ‘34 ton and the strength of lime concrete at an ago of 
Six months with common brick ballast came to 580 to 768 lbs. per .sq. inch or -26 
to • 3.5 ton. 

The strength of the lime concrete always increases with ago again if a small 
quantity of cement be used in the lime concrete say between 5 to io % of the 
volume of concrete, the strength will bo increased very considerably and such 
lime concrete will be as strong or stronger but cheaper than ordinary brick in 
cement; under such circumstances it will bo decidedly cheaper to substitute the 
lime concrete with a slight mixture of cement for brickwork in cement or cement 
concietc for taking compri'saion in slab construction. Such lime concrete can 
also bo relied upon in all constructional works and the removal of centering or 
shuttering is possible within a few days from the time of construction. 

Again lime corrodes steel, so no bare steel rods should be embedded in lime 
concrete. To avoid corrosion, steel rods should be embedded in comoiit mortar 
or comont conoroto. 

The cheapest construction will bo to use reinforced brickwork with steel 
rods embedded in cement mortar or cement concrete and use lime concrete with 
5 to 10 % admixture of cement on top, for taking compressive stresso.s developed. 
That will evidently produce more economical construction than reinforced brick¬ 
work or reinforced concrete. 

Then comes another factor which must not be ignored in making such struc¬ 
tures. That is shear i.e. shear between the lime concrete on top and reinforced 
brickw'ork or concrete below. Upto the present time reinforced concrete lime 
concrete slabs were not adopted in practice simply for that drawback of shear 
strength. That difficulty or drawback has been solved by using keys of bricks 
or ribs oPbrickwork projected into the lime concrete, thus bonding very effectively 
the lower brickwork or concrete with the upper lime concrete. 

^ edin 26. 
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Figures 1 to 4 in the drawing plates. Part IT show illustrations where rods 
are embedded in lower cement concrete or cement mortar and on top lime con* 
Crete has been used and the bricks are working as keys binding the two together. 


Figures 5 and 6 in the same drawing sheet show cross sections of B. B. L. C. 
Slabs with reinforcing rods embedded in cement mortar joists with lime concrete 
at top. If cross rods and top rods are required to be embedded in lime concrete 
they should be covered first % 2 or 3 coats of neat cement wash before use. The 
coats of cement varnish wash will be found also satisfactory. A rib of cement 
concrete or cement mortar can be used also to embed the reinforcing steel rods. 

Long series of experiments on reinforced brickwork lime concrete slabs were 
done by the author at the Benares Hindu University Works, Benares. They 
were tested on various spans as 10, 12 and 20 feet. 


to (5'^ brick on odge-j-S'^ to 2^^ lime concrete on top) slabs were used 
on 10' and 12' spans and 11^" slab on 20' span. 


In all cases the slabs stood high loads, which varied between 200 to 522 lbs. 
per sq. ft. (external load). 



TABLE FOR DESIGNING R.B.L.B. SLABS AND R.B.L.C. SLABS. 

{In ease of B.B.L.C. Slabs one inch extra depth is to he added to designed depth). 
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METHOD OP CONSTRUCTION. 

Centering.—A centering is made as usual with a little camber at centre. (1* 
in 10 ft. span is ordinarily ample). The centering should be made strong enough 
to carry the weight of the slab with the working people. 

Laying —Thoroughly wot Ist class bricks are laid in cement mortar with the 
bottom reinforcing rods embedded wide ribs of cement mortar or cement 
concrete joints, with the upper part of the joints open for bonding the upper 
lime concrete. If necessary, some part of the ribs may be filled up to the top 
at regular intervals to embed the top reinforcing rods required for negative bend- 
’ ing moments. Lime concrete, mixed up properly in the proper proportion is laid 
on the brickwork both in the ribs, on the same day and the concrete is consoli¬ 
dated by light ramming with ihn'pis. The surface is to be finished with a little 
eeraent rubbing if not specified otherwise If any other extraneous flooring is to 
be laid on the slab the surface should be kept rough. 

If the top rods or cross rods are to be embedded in lime concrete in any 
part of the slab, they should bo coated with 2 coats of cement varnish wash 
before use. The washes should bo thoroughly dried up before use. Milk cement 
wash can be tried also. 

The slab is to bo thoroughly watered for 10 days and after that occasional 
watering should be done. 

The centering of the slab should not be removed till the concrete had acquir- 
■ed sufficient strength to withstand the stresses developed on removal of center¬ 
ing. The period usually comes up to 8 or 10 days in ordinary oases. 

ROOFS AND FLOORS WITH REINFORCED BRICKWORK BEAMS AND 

ARCHES. 

(Patent). 

Jdck-arched roofs and floors with reinforced brickwork beams are very durable, 
practically permaneM, —They are probably the cheapest roofs and floors. They 
are cheaper and much more lasting than roofs and floors with mild steel joists 
and jack arches. Reinforced brickwork beams are not corroded by the archwork 
in lime and the lime concrete in haunches and those, on the other hand, increase 
very considerably the strength of the beams by increasing the depths and by 
taking good part of the compressive stresses developed in the structures. Mild 
steel reinforcements of reinforced brickwork beams, being embedded in cement 
mortar and cement concrete, are protected permanently from corrosion. The 
amount of steel required in reinforced brickwork beams is less than half the amount 
of steel required in mild steel joists of the same strengths ; so there is a great saving 
in steel in beams ; regarding brickwork of the beams that is done in cement mor¬ 
tar and that partly occupies the place of archwork and haunch concrete in lime ; 
thus the increase in cost due to brickwork of beams is very small when the cost of 
lime work is deducted from the same. These roofs and floors had been used with 
success in several buildings of the Benares Hindu University Works, Benares, 
in 1921-22, and in these cases in preference to reinforced brickwork slabs or 
jack arches with mild steel joists, on<account of less cost. 
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With reinforcing steel rods and brickwork in cement it is quite easy to make 
beams on difierent spans of different strengths; the same sections of reinforcing 
rods, varying in number and length and brickwork of beams, varying in depths 
and widths, will make beams of varying strengths, so the question of getting 
different sections of joists of different lengths for different places is absent in this 
system. 

These reinforced brickwork beams are made in situ over a temporary 
centering, so the problem of hoisting joists to their proper positions is also absent 
in this system. The life of these roofs and floors may be regarded as many 
centuries as there is nothing to rot. 

The great point in these roofs and floors is the economy combined with, 
stability, strength, durability and ease in construction. 


METHOD OF CONSTRUCTION. 

(1) A centering for the roof is prepamd as done in usual cases of R. S.. 
Joists and jack arches. 

The rise of the arches is to be taken as l^'' per ft. of span if not specified 
otherwise. Thus for a span of 6', the rise of arch should be 9". 

(2) In tho ribbed part R. B. Beams are made first. 

(3) After that arches in lime are laid in between the beams. 

(4) On the archwork lime concrete is laid in and rammed as usual. 

(5) The beams and tho roof are watered well for 2 weeks and after that 
occasional watering should be done. 

(6) Tho centering forthe arches can be removed first if desired. The cen¬ 
tering is removed when tho R. B. Beam has set well and lime concrete in haun¬ 
ches has partially set. 

The centering for the beam .should not be removed earlier than 10 days, 
preferably 2 weeks 

In cases of R. B. Beams with “T ” iron, tho centering can be made on T’s 
by propping the same in several points required. In such case the centering 
for the arches can be removed as usual but the props should not be removed 
earlier than 3 weeks after construction. The stirrups for shear should pass 
through holes made in the tee iron. 

cement sand 

Proportion :—For R. B. Beam work cement mortar 1 : or 3 

cement concrete 1 : 2 or 2 J 

; 3 or 3| 

For lime concrete—50% mortar with—1'' G. brick ballast 

to I" G. chips—are to be used with 
cement concrete. 

Lin»e mortar for concrete should be mixed up with 10% cement if the mortar 
is weak or doubtful. 

Good lime mortar should have a tensile strength of 40 lbs. per sq. inch in 7 
days and 80 lbs. per sq. inch in 4 weeks. 
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IMPROVED JACK ARCH ROOFS AND FLOORS WITH MILD STEEL 
BEAMS STRENGTHENED AND PRESERVED. 

(Patent). 

There is an improved method of the construction of jack arch roofs and 
floors with mild steel beams strengthened very considerably and preserved per¬ 
manently from corrosion, thus increasing very considerably the strength and 
life of these structures. In usual cases the increase in strength due to strength¬ 
ening is roughly equal to total depth of the structure divided by the depth of 
mild steel beams. 

Tlie great drawback in ordinary jack arch roofs and floors is to embed the 
joist or beam in brick-in-lime and lime concrete with the result that the beam is 
corroded by the corrosive action of the lime mortar of the brickwork and concrete. 
The effect of this corrosion is clearly perceived in 12 to 15 years time after construc¬ 
tion and after 60 or 70 years time or even before that the web of the joist is 
eaten away very badly and it becomes like a thin sheet of perforated paper. 
The web swells up on account of corrosion and causes cracks in the roofs through 
which rain water finds its way down and accelerates the corrosion. When the 
roof does not crack, it is due to the fact that the w'hole roof acts as a monolithic 
slab but to rely on this action is dangerous. 

According to this improved system the joist is embedded in brickwork in 
cement and cement concrete or in cement concrete only with the bonding of 
brickwork of arches with haunch concrete by means of brick keys or ribs of brick¬ 
work in cement or cement concrete with or without stirrups as necessary. The 
joist is kept safe against all fear of corrosion as it is a very well-known fact that 
iron or steel embedded in cement concrete or cement mortar remains free from 
rusting for ages. 

In cases where the strength of the joist is desired to bo increased very con¬ 
siderably, necessary reinforcing rods are used for the further strengthening; thus 
a smaller section of joist can be used on spans much bigger than that ordinarily 
permissible. 

In cases of ordinary roofing and flooring with rolled stool joists and jack 
arches, the joists are usually considered as plain beams supporting the load of the 
roofs and flwjrs and getting no help whatsoever about strength, from the arch- 
work or the haunch concrete above. 

In the present case the mild steel beams are encased in brickwork in cement 
and cement concrete and act as reinforced brickwork beams; the arch work in 
lime and lime concrete above being bonded or connected with the reinforced 
brickwork beams, all act as combined structures. The combined strength of the 
beams is much greater than that of the mild steel beams. 

Brickwork in lime and lime concrete, when properly set, have ample com¬ 
pressive resistance, so in the combined structure the tensile stresses are taken 
mostly by the bottom flange of the joist and partly by the web and the least by 
the top flange; the compressive stresses are taken mostly by the lime concrete 
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at the top and partly by the arch work at the crown; when the lime concrete and 
the archwork are green and not set, most of the compressive stresses are taken 
by the top flange of the mild steel beam and as the lime concrete and archwork 
set and become hard, the compressive stresses are transferred from the top flange 
of the joist to them. It is for that reason that in the oonstruction of these improv¬ 
ed jack arch roofs and floors the joists should bo kept propped at centre or at 
more places, as required, when the haimch concrete and archwork are green and 
the props are to be removed a few days after when the concrete has set hard to> 
a certain extent. 

The life of this improved type of jack arch roofing and flooring is expected 
to be many centuries as compared to fiO or 70 years in ordinary cases. Of course 
where paints are used the life of the joists are somewhat increased. 

This system of construction was developed as a result of a series of experi¬ 
ments and researches on the subject in 1919-20 and the author hopes that it will 
be very economical and efficient in the construction of permanent structures 
which every engineer aims at. 

REINFORCED BRICKWORK PITCHING. 

(Patent). 

Reinforced brickwork pitching is very durable, economical in cost and very 
neat in appearance. It is not easily disturbed by splashes of water and is flexible 
to a certain extent. It is regarded as one of the ideal pitehings yet invented. 
3' (briokflat) reinforced brickw'ork pitching had been extensively used at the 
Power House Channel (carrying 2,000 cusecs with bed width of 105 ft. and depth 
of water 10'4') of Sir Ganga Ram’s Ronala Hydro-elec trio Works at Renala Khurd,. 
in Punjab. The pitching consisted of 3^ reinforced brickwork with a net-work 
of reinforcements Y diameter rods 11^ (1 brick—mortar joint) apart. 
These pitehings were constructed from April 1924. During the last Engineering 
Congress in April 1924 and in the Opening Ceremony of that work in March 1925 
by H. E, the Governor of the Punjab, many prominent engineers of that Pro¬ 
vince and of other places went there to see the work. The pitching is standing 
beautifully in all places. It is standing all the wave action of water just below 
the power station, where there is a 7' fall. In many places the pitching was done 
on filling where puddling was done below. No soling is required below R. B. 
Pitching. 

Drawing No. P/l A given on page 366 gives all particulars about the pitching,, 
including its reinforcements, method of laying and analysis of cost. The 
average cost worked out at Renala Hydro-electric works to about -/3/- per 
sq. ft. and with the toe wall complete to about -/4/- per sq. ft. Again per 
running foot of the length of bank the cost works out to about Rs. 4. In 
ordinary cases of 1 *1' deep dry brick pitching with too wall complete, the cost 
comes* out to Rs. 6/- to Rs. 7/- per R. foot. That shows the great economy 
of R. B. pitching. By using thinner pitching as 2^ with bricks 10^ X 6^X 2*^ 
the cost can be decreased by aoout 20 per cent. 
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The general practice in many provinces specially in Punjab, Sind, U. P.» 
Behar and Orissa and Bengal is to use dry brick pitching. In the main channela 
the depth of these pitohings is generally made as 13'^ or I *1 \ i.e., a brick-on-end 
over a brick flat or 3* dry ballast. In many places the cost of those pitohings 
with toe wall complete, works out at Rs. 40/- per 100 sq. ft., i. e., 40 per cent, 
more than the cost of 3" Reinforced brickwork pitching. The reinforced brick¬ 
work pitching with a net work of steel embedded in the same is a patenlr 
construction. The amount^f royalty to be paid to the Patentee as fixed by him 
at present is also very smaS. It is Rs. 2/- to Rs. 3/2/- per 100 sq. ft. (-/-/C per 
sq. ft.) in usual cases according to the quantity of work. 

REINFORCED SLIDING PITCHING IN FLOWING WATER. 

The reinforced brickwork pitching can bo adopted for sliding pitching in- 
running water in canals and rivers. This is one of the most important inveii tions 
in the domain of pitching. The pitching is constructed on a made-up slope at the 
side of channels, canals and rivers with the top parts constructed on a temporary 
centering made in that inclined position in the same slope. When the pitching 
has set hard it is allowed to slide down until it goes to the bottom and is stopped 
there. The whole pitching forms a sort of sheet on the eroded bank with supports 
here and there. The current of water and splashed of waves working on the 
surface of the pitching do not affect the earth at the back. The open spaces at 
the back are generally silted uj) gradually. Holes are generally left in the pitch¬ 
ing. This kind of pitching in flowing water will be found very useful, efficient 
and satisfactory. They are not like heaps of loose bricks or stones which are 
often thrown in largo quantities to prevent scour. In oases of deep scour ribs 
wdth slabs are to bo provided. The ribs will act as beams and will span bigger 
openings. 

Dry brick pitching with cross ribs of reinforced brickwork every 8 or 10' 
apart with filling inside of dry bricks is also very satisfactory, durable and 
cheap. 

REINFORCED BRICKWORK PITCHING WITH OR WITHOUT TOE 

WALLS. 

REINFORCED BRICKWORK PITCHING WITH RIBS OR BEAHS. 

REINFORCED BRICKWORK BOX PITCHING. 

In cases of reinforced brickwork pitching, toe wall may or may nob be provid¬ 
ed. In those cases where there are no toe w^alls the pitching should be anchored 
well by means of stout posts or pegs or anchors or by projecting bricks into the 
earth below at regular intervals and the bottom part of the pitching should be 
made flexible, so that in oases of scour at the base the pitching may take the shape 
of the scoured bed. 

In oases of rivers and streams where unwatering the bed is a difficult problem, 
R. B.^pitching can be made on a temporary centering above the water level 
(supported on a few ballahs or piles) and then sunk below. The pitching should 
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be made with flexible joints at regular intervals or may be made in separate 
pieces with simple lap according to the nature of the bed. In all cases sounding 
of the bed should bo taken first and a section should be plotted before 
proceeding with pitching works. 

Fig. 2 shows a section of pitching constructed on that line. The slope and 
da part of the bed will thus be covered by a sheet of reinforced brickwork pitching. 
The current of water acting on the surface of the pitching w ill not affect the earth 
at the back and the bank will thus be protected agaiitst scouring. 

There are many rivers where dry beds are available at the dry season. In 
cases of canals dry beds are available at closure times. 

In these cases toe walls at the feet of the pitching are desirable. 

In cases where there is fear of scour, a short reach of flexible pitching should 
be connected with the toe wall by means of a hinged joint. In Fig. 4, T is the 
toe wall and F is the flexible pitching at the toe. 

Where the pitching is made with brick-on-end or brick-on-edge reinforced 
it will be found very much cheaper to use cross ribs of reinforced brickwork with 
the filling inside of ^y bricks orbats or brick-in-lime or lime concrete, or boulders 
of stones. Again, where depth of scour is great, or intensity of wave action is 
severe or the bank is precipitous, it is necessary to strengthen the pitching by 
means of reinforced ribs or beams at intervals. 

The size and spacing of the ribs will depend upon the different circumstances 
to which pitchings are subjected. 

Fig. 5 shows a pitching with ribs or beams down below. Cross ribs or beams 
are to be used where necessary. 

The ribs may be at the bottom of the pitching or on the top as in Fig. C. 
In the case of the beams on the top the construction is easier, but they will resist 
the flow of water to a certain extent. They will work also like small spurs. 

Where the bank is precipitous there comes the earth pressure on the pitching. 
In such cases reinforced brickwork box pitcliing should bo adopted. (See 
Fig. 7). It may be vertical or sloping as required. 

The box pitching consists of a casing or facing of reinforced work with cross 
walls where necessary to bind the opposite faces with the interior part filled up 
with some cheaper materials as sandstones, puddle, etc., whichever available 
at the site of work. Thus the framework of reinforced structures with filling of a 
cheaiier material will make a very strong massive structure which will resist 
easily the water action and earth pressure at the back and will not be easily shift¬ 
ed away by any strong current of water. By that way it is not at all a difficult 
thing to construct very big boxes 50 feet or 100 feet long, 6 feet to 10 feet wide, 
16 feet to 30 feet high. If we consider the weight of a box 50 feet X 6 feet X 20 
feet it will be over 8,000 maunds or 300 tons nearly. A series of boxes like these 
will protect any bank. No current of water however strong can shift these boxes 
easily. There are vast possibilities of bank protections with this sort of box 
pitching. The casing may be made of R. B. or R. B. C. work. If necessary the 
surface may be covered with . ement plaster or rubbing along with the coMttfhc- 
tion especially where there is fear of wear and tear or saltpetre action on raicks. 
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REINFORCED CONCRETE 

BY 

8. L. Bhatiat B.Sc., C. E. 

Points fob R. C. Users. 

L Cement.— 

(a) Use the best cement obtainable of well known brand. 

( 6 ) Use slow setting cement. 

(c) Test thoroughly before using. Should comply with all the require- ^ 
ments of British Standard specification. ; 

{d) Test each consignment frequently for soundness time of setting and . 
fineness of grin^g. 

{€,) Residue should not be more than 10% on 180 mesh sieve and not' 
more than 1% on 76 mesh sieve. 

(/) Specific gravity not less than 3*1. 

( 7 ) Briquettes one sq. inch in section should stand not less than the 
following stresses. 

Neat cement after 7 days 600 lbs. per sq. inch. 

1 cement and 3 sand after 7 days 325 lbs* per sq. inch. 

2. Sand.— 

(ff) The sand should be clean and gritty. 

(b) Do not use sand which leaves a yellow or black residue on the hand 
when examined. 

3. Aggregate.— 

(a) ^lect the aggregate carefully, keep a samjde of the selected aggregate 
and compare with it each consignment. 

(b) If possible select an aggregate that does not require washing. 

(c) Do not UsSe a dirty aggregate. 

(d) Crush all aggregate to pass a mesh. 

(e) Screen out all material less than and call it sand. 

(/) The best materials are granite, stone, gravel, brick and burnt ballast. 

( 7 ) Coke breeze, pan breeze or boiler ashes ought not to be used. 

(/i) Allowance for the smaller resistance of th©^e materials must be made 
in the design where they are used. 

4. Concrete Proportioning. — 

(а) Usual proportions : For reinforced work where very good concrete 
is required the proportion are 1:2:4. For medium quality concrete 
such as used in foundations, walls, arches, ordinary floors and stairs 
the proportions should bo I : 2^: 5, For heavy retaining walls, piers 
and abutments which are subject to considerable strain use 1:3:0 
where concrete is employed in large masses and is subjected to simple 
compression of small intensity a still poorer concrete, i.e., 1:4:8 
will do. 

( б ) Measure the voids in aggregate and sand before deciding the propor¬ 
tions for concrete. 

5. Steel. 

(а) Before use in work the metal .should be clean and free from scale or 
loose rust. 

( б ) It should not bo oiled or painted but a thick wash of cement grout 

is desirable. ^ 
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* (c) Bending test: The “test piece should withstand without fracture 

being doubled over, until the internal radius is not greater than 1^ 
times the thickness of test piece and the sides are parallel. 

(d) End welding shall not be allowed. 

(e) All bending of bars should be done cold. 

(/) The end of all bars should be bent over to form hooks in order to 
prevent slipping. 

(gf) The reinforcement should preferably of small diara. A greater number 
of thin rods will be better than smaller number of thick rods. 

6. Mixing.— 

(а) Mix the sand and cement well together dry. 

(&) Add water from a rose. 

(r ) Do not use sea water. 

(d) Damp the aggregate, add it to the mixed sand and cement and mix 
all together until the colour is uniform. 

7. Laying.— 

(fit) l^ay quickly in small quantities. 

(б) Give special attention to ramming. 

(c) »Soo tliat the concrete is well lammod round all the rods and 
thoroughly consolidated. 

(rf) Do not lot dirt from trenches get into the concrete. 

(c) See that the reinforcomohts are not removed by ramming. 

(/) When joining on to work which has set, hack the surface and put on 
layer of comeat and sand mortar. 

(g) Protect against frost and hot sunshine. 

8 . Centenng-- 

(a) The centering must be of such dimensions and so constructed as to 
remain (1) rigid, (2) simple in construction, (3) easily erected and 
removed, (4) so constructed that the surfaces shall not deform the 
concrete by reason of the expansion duo to moisture, (5) so designed 
it possible that they may be roused in various portions of the work, 
(6) so prepared that the concrete will not become attached to the 
suifaces, (7) carefully cleaned and lime washed before use. 

(b) Allow camber for long span beam.s. 

(c) Damp the centering before layii^; concrete. 

(d) Do not remove until concrete is properly set. 

(e) All joints should be fairly tight. 

9. Striking of Centres — 

The time during which the centres should remain in position depends upon 
varying circurjstances. The casing of columns, sides of beams and .soffits of 
floor slabs should remain up for at least 14 days. Soffit of beam and large span 
arches should remain up for at least 28 days. 

10. Acceptance Test.— 

(a) Should never be so severe as to endanger the structure tested. The 
testing load shall not exceed the load for which the structure has been designed. 

{b) No test loading should be attempted until the structure has been 
completed for 3 months. 

(^ Max. test load may be H times the load for which the structure has 
*1t>een designed. 
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DATA FOR FLOOR AND ROOF LOADS. 

The dead load oonsista of actual weights of walls, floors, roofs, eto. The 
superimposed load shall consist of all loads other than the dead load. 

For the purpose of calculating the loads on foundations, pillars, piers, walls, 
beams, etc., the sqperimposed load on each floor and on the roof shall be esti¬ 
mated as equivalent of the following dead loads: — 


Ordinary living rooms 

80 lbs. per sq. ft. 

Offices and Scho(fl rooms 

112 

do. 

Officers quarters 

90 

do. 

Public halls, theatres, etc. 

160 

do. 

Meeting rooms 

112 

do. 

BaU room and floors subject to vibration 

168 

do. 

Museums, stores and warehouses 

224 

do. 

Workshops carrying light machinery 

168 

do. 

Workshops carrying heavy machinery .. 

200 to 400 do. 

Weight of men in crowds packed closely .. 

140 lbs. 

do. 

,, ,, ,, „ ,, ordinary . • 

80 lbs. 

do. 


For the purpose of calculating the total load to be carried on foundations, 
pillars and walls of buildings of more than two stories in height, the load for the 
roof and top-most storey shall be calculated in full, but for the lower stories a 
reduction of the superimposed load shall be allowed as follows:— 

For the next floor below the top floor 10% less, for the next storey 20% and 
so on, to the floor at which the reduction amounts to 60%. For all other floors 
below take 60%. 

In the case of ware-houses and buildings containing heavy machinery, it is 
desirable not to make any reduction. 

WEIGHTS. 

In calculating the safe load on beams and floor slabs allowance shall be 
made for the weight of the beams or floor slab itself. 

The weight of reinforced concrete may be taken 150 lbs. per cubic ft. 
USUAL WORKING STRESSES PROPORTION 1:2:4. 


Concrete in compression in beam subject to bending .. 600 lbs. per sq. inch. 


Concrete in column^der simple compression 
Concrete in shear iiin^am 

.. 500 lbs. 

do. 

.. 60 lbs. 

do. 

Adhesion of concrete to steel .. 

.. 100 lbs. 

do. 

Steel in tension 

16,000 lbs. 

do. 


Steel in compression .. .. .. 15 timjs the stress 

in concrete. 

Steel in shear .. .. 12,000 lbs. per sq. inch. 

Provision shall be made for the stresses due to accentric loading, neither 
the steel nor the concrete shall be subjected to combined stresses which together 
exceed the n^aximum permissible direct stress. ' 

BENDING MOMENTS. 


Always consider the effective span for calculating Bending moments (1) 
Bending moment at the centre of a beam supported at both ends and having a 

uniformly distnbuted load (2) Beading moment at the centre of a beam 

supported at both ends and having a concmitrated load in the middle 


A 
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<3) Bending momout at the fixed end of a cantilever with a single concentrated 
load at the free end=WL. (4) Bending moment at the fixed end of a canti¬ 
lever with a load uniformly distributed {^) Bending moment at the 


supports and at the centre of a beam with both ends fixed and a single conceutra- 

■ITT y 

ted load at centro=-1- (6) Bending moment at the fixed end of a beam 

8 

With one end fixtd and one end supported and the load uniformly distributed = 
WL 

. (9) Bonding moment at the centre of a beam with both ends fixed and the 

WIj 

loads uniformly distributed = (10) Bending moment across the centre 

of a square slab supported on 4 edges and reinforced in two directions at right 


angles to each other with load uniformly distiibuted = X‘4= ^ 

8 21 ■ 

Notations for calculations u.ved in Reinforced concrete ;— 
a ss= Arm of the resistiim moment or lover arm (inches). 

= total area of stool bars in square inches. 

Bor B.M = Bending moment = moment of resistance. 

6 = breadth of rectangular beam in inches or tlie breadth of a flange of a 
T. beam in inches. 

bj. = width of rib in T. beams in inches. 


bg == effective breadth of slab in T. beam in inches. 

c =- Maximum stress in conoroto compressive edge in Ihs. per sq. inch. 
d s= effective depth from the tup to the centre of steel bais in indies. 
dg = total depth of slab in T, beams in inches. 

= Elastic modulus for concrete = 2,0()0,(X)0 lbs. per sq. inch. 

Eg = Elastic modulus for .steel = 30,000,000 lbs. per sq. inch. 

I. = moment of inertia. 

K = Ratio of depth to neutral axis from compressive edge to effective 

depth s= — 
d 

M == Moment of Resistance = 956cZ2. 
m = _“i_modular ratio =15. 

m = ratio of lever arm and effective depth = afd. 
n = depth to neutral axis from the compressive edge in inches. 

0 »=s Perimeter of the reinforcing rods at any section. 

r = percentage of steel reinforcement =100 (when c and t hav 

* values of 600 lbs. per sq. in. and 16,000 lbs. per sq. inch.) 
t = stress in .steel taken as uitiform in lbs. per sq. inch. 
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W = total load earned by the beam. 

Y <BM the distance between neutral axis and centre of steel. 

Z = distance betvreon the compression edge and the line of resultant com¬ 
pression in a tee-beam. 

The following formulee hold good for the design of slabs and rectangular 
beams :— 


15 c 

s= -36 d (where t 
inch) 


( 1 ) 


l6,000 lbs. per .sq. inch andc 600 lbs. per aq. 


71 

J/ = \ cn b {d —^). 

a95 h (where c = 600 lbs per sq. inch 

•0294 . 

n b = t 


(2) 

(3) 

(4) 



^ b 



Section 


Example. —Design a freely supported reinforced concrete slab. 
Live load 112 lbs. sq. ft. 

Assume a slab 5 ii^nes thick. 


Load- 


^ Weight of slab 1®^ ~ 53 lbs. per sq, ft. 

^ Live load.= 112 lbs. per sq.ft. 


Span 8 ft. 


Total Had. 176 lbs. per sq. ft. 

Bending moment ss ^15 X8) X8 X l2 ae* 16,800 inch lbs. 

8 _ 8 _ 

d « -0294 *0294 VlS^SOO- 4-" 

Allowing 1 inch of covering, the total depth of slab « 4+1 « 6 inches. 
fA, Jen 6. 


y c X n X 6 . 600 X (*36X4) X 12 

t - 16000- 

_ *324 sq. inches per foot width of slab, 
rods at 12 inches centres will do. 
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In addition to the main bars in slabs some rods in the other direction are very 
desirable. The object of this is as follows:— 

When concrete sets and dries, it contracts in all directions. Therefore a 
floor slab resting on the walls of a building which resist contraction tends to 
produce cracks, and if reinforced in one direction only, cracks badly in that 
direction owing to the absence of tensile strength at right angles. The spacing 
of cross bars may be about 4 times the spacing of main bars. 

About covering (minimum) should be provided in order to protect the 
slabs or beams reinforcement from corrosion. This cover is best obtained by 
laying the bars on wooden slats of the required thickness about 4 ft. apart and 
withdrawing these gradually, as concreting proceeds and rods are at home in 
the concrete. 


0IA6HAW FOR RECTANGULAR BEAMS AND SLABS 
T BEAMS WHERE NEUTRAL AKlft 15 WITHIH SLAB^ 









u// ENDS FREE 

BENDm MOMENTSTRESSES- /e,4W/^/wr «r/ 

CofKretefSOO » • » 
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APPROX, BAR BENDiNB 
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DESIGN OF T. BEAMS. 

•Reinforced concrete floors usually consist of reinforced slabs with reinforced 
beams at definite intervals. The whole being monolithic. In designing T. 
beams the following factors have to be considered;— 

(1) The total depth of slab d ^ 

(2) The effective breadth of the slab 6^ 

(3) The effective depth of the beam 

(4) The reinforcement required 

In calculations the effective breadth 6 of slab is taken as :— 

8 

(1) fth the distance between beams. 

(2) ird the span. 

(3) 15 times the slab thickness. 

(4) 6 times the width of the rib of the T. beam ; whichever ia less. 

The width of the rib b should not be lo.ss than— 

r 

(1) ^th the width b 

O 

(2) Ird of the depth. 

Two cases of T. beams — 

1 . Neutral axix lies within slab. 

This is dealt with according to the rectangular beams and substituting bg 

(breadth of slab) for b in the formul® for rectangular beams. Where neutral 
axis coincides with the lower edge of slab n = 

2. Neutral axis within the rib ;— 

The following formul® hold good in designing T. beam :— 


± S ^ n2— 
2n 1 

<5 f 6 — 


-4 ) A, . 

. (1) 


—y ® ^ — n) . 

. (2) 

3n C. 

d- 

* t == me — 

-n 

3 

.(3) 


n 


•For Figure see page 338. 
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TABLE 0)3 

Values of rf, n, and "t for a width of slab or beam of 12 inches for various 
values ofJ^and c. B boing the bendinii; moment. 




wmte maxt’ 


istance 


mum stress xn I Effective depth in of uoutralpec^ionaf area of steel for 12^ strip 
lbs, per sq. in, * i . t.. » I—i-I .•-» 


14000 500 


14000 600 


15000 400 


15000 500 


15000 600. 


16000 400 


16000 } 500' 


16000 600 


inches d. 


•032^' 


axis II 
inches n 


•029'v/B 

•101 (b *375^ 

VC 


•0294 v'B 
*1020 

A 


in square inches: 

h. j ^ 


•0763 d. 


•10036 d- 


Jb *350d 
•114V7 

•028y'^ 

•099 |B *391 d 

v\ 


.0390-y/B 
.1380 IB •286d *04577 d. 

•0335.y^J 

•1160 *33,3d -06660 d- 

Vb 


•08892 d- 


r *00241 v® 

I- -oooeQsVS^ 
f *002810 Vb 
I- *00081 iVbTJ 

r -001785 Vb 
* 000515\/Bb7 

r •00226Vir" 

L *00064-^/6 7 

3 

ll •002624V'F' 

Lj •000766\/irr 


•042y'B’ 

•1450 •273d -04092 di 

A I 

•0340 

•1180 /b -319d *05964 dJ 

V<>, I 


•0810 d 


•0004oVb"" 
•001719\/^s 
•000590 Vb"’ 

*002030VT£r^ 

•002381VB^ 

•oooossVF 


-V./i, Tho upper values are for oalcuIatmg"Ta]b8"Tnd the lowei^wionfOT 
calculating T beams. 
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Sheabiito Rbsistaecb of Concrete Beams. 

If a beam is designed to resist tension and compression at the bottom and 
top, it may fail due to shear resistance. The best method of resisting shear to 
prevent failure ia by mc^ns of providing stirmps or some of the tension rods may 
be bent up at 45^ 

The shear is given by the following formula— 

5 s=area of section X safe tonsde stress. 

With concrete we generally assume 60 lbs. per sq. inch as the safe tensile 
stress, .‘.shear stress =s60 X area of beam in square inches. 

Bxamfle.— beam 10 inches deep, 8 inches effective depth, 6 inches wide 
is designed to resist bending. What is the safe load it will carry without failure 
by shear and without shear reinforcement. 

The depth reckoned in sheared— :*88d=‘88X8=57'04 

6 = 6 inch 

f = 60 lbs, per sq. inch shear : 7'04 X6 X60 

« 2534 *4 lbs. 

Safe load = 2 X2534*4= 5069 lbs. 

Slabs do not ordinarily require any shear reinforcement not as a rule singly 
reinforced rectangular beams, though it is usual always to turn half tho tensile 
reinforcement in all beams at a distance not exceeding ^ from the supports. T. 
beams and all doubly reinforced beams must always be tested for shear. 

If S. exceeds 60 lbs. per sq. inch web reinforcement must be given. 

If S. exceeds 120 lbs. per sq. inch ; b and 6^ should be increased. 

SIMPLY SUPPORTED BEAMS. 

WL 

B.M. = — 5 — ; t — 16000 lbs. per sq. inch ; c = 600 lbs. per sq. inch, 
o 


Table (2)—Load = 40 lbs, per sq. ft. 


Span 
in ft. 

B.M. 

inch. lbs. 

VCT. 

d 

inches. 


$q .inches. 

1 Diam 

1 

. and spacing 
of bais. 

5 

1500 

38‘8 

1-15 

3 

•094 

1 r 

at 6" centres. 

6 

2160 

46-4 

1-25 

3 

•101 

r 

» 5¥ 

99 

7 

2940 

54-2 

1-50 

3 

•112 

V 

» 5" 

$9 

8 

3840 

62*0 

1-82 

3 

•147 

V 

4-^ 

99 

9 

4360 

66*0 

2-10 

3*0 


r 

„ n" 

99 

10 

6000 

77*8 

2*28 


•184 

r 

„ 3" 

99 

* 11 

7260 

85*2 

2-60 


*202 

j" 

3" 

99 

12 

8640 

93*0 

2*75 

4*0 

•222 

r 

„ 6 « 

99 

13 

10140 

100*8 


4-0 

•240 

r 

» 5¥ 

99 

14 

11760 

108*4 

3-19 


•258 

r 

„ 5" 

99 

15 

13500 

116*2 

3*45 


•279 

r 

„ 4r 

99 

16 

15360 

124*0 

3*68 

6*0 

•295 

r 

4'" 

99 

17 

16840 

129*8 


5*0 


r 

4"" 

ff ^ 

99 

18 

19440 

139*4 

4*15 

5*5 

*336 

r 

» r 

99 

19 

21660 

147*2 

4-35 

5*5 

•352 

¥ 

„ 6r 

99 

20 

^000 

155*0 

4*65 


•368 

¥ 

» 6 " 

99 

22 

29040 

170*8 




¥ 

5¥ 

99 

24 

34560 

185*8 


6*5 

•437 

¥ 

6 ' 

9t 
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W L 

* *; < «■ 16»000 lbs. per sq. inch ; es>600 lbs. per sq. inch. 


Table (3)—Load =s 80 lbs per sg. ft. 


Span 
in ft. 

5.M. 

inch lbs. 

Vb.m, 

d 

inches. 

k 

inches. 

1 

sq. inches) 

Diameter and spacing 
of bars. 

5 

3000 

54*7 

1*6 

3*0 

•129 ! 

r 

at 4i' 

centres 

6 

4320 

66*7 

2*03 

3*5 

*164 

V 

» H' 

99 

7 

5880 

76*7 

2*26 

3*5 

*182 

r 

ri0 
»» * 

|9 

8 

7680 

87*6 

2*57 

4*0 

•207 

r 

» 6' 

99 

9 

8720 

98*6 

2*90 

4*5 

•235 

r 

M 5K 

99 

10 

12000 

109*5 

3*21 

4*5 


f 

» 6" 

»» 

11 

14520 

120*5 

3*64 

5*0 

•286 

r 

„ W 

99 

12 

17280 

131*4 

3*80 

5*0 

*312 

r 

A» 

*> * 

99 

13 

20880 

142*4 

4*J8 

5*5 

*338 

r 


99 

14 

23520 

153*3 

4*50 

5*5 

•364 

r 

» or 

99 

16 

27000 

164*3 

4*83 

6*0 

*391 

V 

„ 6" 

99 

16 

30720 

175*3 

5*00 

6*0 

•405 

V 

w 

»» 

17 

33680 

186*2 

5*47 

6*5 

•443 

V 

U 6' 

99 

18 

38880 

197*2 

5*80 

7*0 

*409 

r 

5* 

99 

19 

43320 

208*1 

6*10 

7*6 

•494 

r 

» 4r 

99 

20 

48000 

219*1 

6*44 

7*5 

*521 

r 

4r 

99 

22 

58080 

241*0 


8*0 

•573 

r 

» 4" 

99 

24 

69120 

263*0 


9*0 

•627 

r 

.. 3r 

ft 


( =iouw IDS. per sq. men ; c==ouu ids. 


Table (4)—^Load=100 lbs, persq. ft. 


1 

Span { 

in ft. ! 

( 

B.M. 
inch lbs. 

V/B. M. 

d 

inches. 

h 

inches. 

sq.inches 

Diameter and spacing of 
bars. 

5; 

3760 

61*6 

1*80 

3*0 

•147 


at 

4" 

oentrea 

6 

5400 

74*0 

2*17 

35 

•176 

; I" 

99 

7' 

»» 

7 

7360 

86*0 

2*52 

4*0 

•204 


»» 


99 

8 

9600 

98*6 

2*90 

4*0 

i *234 

9 

• • 

6r 

99 

9 

12160 ! 

106*8 

3*13 

4*6 

•263 

r 

99 

5'^ 

99 

10 

15000 

114*6 

3*36 

5*0 

*272 

r 

99 


99 

11 

18150 

134*8 

3*96 

6*0 

•320 

r 

»» 

V 

99 

12 

21600 

147*0 

4*32 

5*6 

•349 

r 

99 

er 

99 

13 

23350 

169*0 

*4*67 

6-0 

•378 

V 

>9 

6' 

pp 

14 

29400 

171*8 

6*06 

6-6 

■409 


»» 

6r 

pp 

16 

33760 

183*6 

6*39 

6*6 

•436 

r 


6" 

99 

16 

38400 

193*0 

6*76 

7*0 

•466 

V 

99 

5" 

pp 

17 

43350 

208*2 

6*12 

7*6 

•496 

r 

99 

4r 

pp 

18 

48600 

220*5 

6*48 

76 

•626 


99 

4' 

*9 

19 

64150 

232*8 

6*84 

8*0 

■664 


99 

4* 

>» 

20 

60000 

246*0 

7*20 

8*6 

683 


*> 

4" 

♦» 

22 

72600 

260*6 

7*96 

9*0 

•644 

V 

99 

3J 

pp 

24 

86400 

294*0 

8*64 

10*0 

•670 

f'" 

9« 

6| 

99 
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VV.L. 


; t = 16,0 )0 Ibg. per sq. inch 


c = 600 Iba. per sq. inch. 


Table (6)—Load = 112 lbs. per sq. ft. 


Span 
in ft. 

B.M. 
inch Ibd. 

IH! 

d 

inches. 

h 

inc hes. 

sq. inch. 

Diameter and 
of bars. 

spacing 


5 

4200 

66-0 

1-91 

3 0 

•164 


at 

3^' centres. 

6 

6048 

78‘0 

2*29 

3 6 

-186 

f' 

»* 

T 


7 

8332 

91 0 

2 67 

4*0 

■216 

) 

r 

f9 

Q'' 

*» 

8 

1 

10752 

103 6 

3-04 

45 

1 *246 

I 

1 " 

f* 

5" 

99 

9 

13608 

117 0 i 

3 43 

4*6 

i *279 

1 

r 

99 

4i" 

>» 

10 

lesoo 

129-6 

3-80 

6-0 

! *307 

I'' 


V 

99 

11 

2u328 

142- 

4 18 

5-5 

■ -338 

j 

r 

>9 

er 

99 

12 

24192 

166-4 

4-66 

6*0 1 

•370 

r 

»» 

6" 

9 9 

13 

28302 

168-4 

4-95 

6-0 

*400 

r 

99 

6 i" 

99 

14 

32928 

181-6 

5 33 

6-6 

' ‘ *431 

r 

99 

5" 


15 

37800 

194-5 

5-71 

7*0 

1 

•462 

¥' 

99 

6 " 

99 

16 

43008 

2j15 

6-10 

7-5 

1 

•494 

r 

99 

4r 

99 

17 

48552 

22)-4 

6-47 

76 ; 

•624 

i" 

1 

•1 


99 

18 

64432 

233 3 

6 85 

8*0 ; 

*564 

j" 

99 

4" 

99 

19 

60648 

246-0 

7 23 

8-6 1 

•685 

r 

99 

4'' 

99 

20 

67200 

259 4 

7-62 

9-0 

*616 

r 

99 

sr 

tf 

22 

81312 

285*2 

8-38 

9-6 

•678 

r 

»» 

5' 

»* 

24 

96768 

311 0 

9*14 

10*6 

-740 


99 

4i^ 

99 
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WL 

B. M.=»-; <=*16,000 lbs. per sq. inch ; c=0OO lbs. per sq. inch. 

8 

Table (6)—^Load = 120 Iba. per sq. foot. 


Span 
in ft. 

B. M.' 
inch lbs. 

■■■ 

.i 

inches. 

h 


Diam. and spacing 
of bars. 


inches. 

sq. 

inches. 

5 

4500 

67-2 

1-97 

3-0 

-169 

\r 

at 

3^ 

centres. 

6 

6480 

80 0 

2-36 

3-6 

191 

V 


r 

»» 

7 

8820 

94-0 

2-76 

4-0 

-221 

r 


6* 

99 

8 

11520 

107-6 

3-16 

4-6 

•226 

3* 

¥ 

9P 

6 ^ 

»» 

9 

14580 

120 -5 

3-54 

6-0 

-286 

r 

99 

4r 

>» 

10 

18000 

134-2 

3-94 

6-0 

-319 

r 

>* 

V 

99 

11 

21780 

147-3 

4-43 

6-6 

•358 

r 

tt 

6 K 


12 

25920 

161 -0 

4*74 

6-0 

-384 

r 

99 

6 ' 

»* 

13 

30420 

174-6 

5-13 

6-6 

-416 

r 


sr 

tf 

14 

35280 

187-8 

5-52 

7-0 

-447 

r 

• » 


99 

15 

40500 

201*2 

6-91 

7-0 

-477 

r 

»$ 


99 

16 

46500 

214-2 

6-29 

7-5 

•609 

V 

99 

4i' 

99 

17 

52020 

228-0 

6-70 

8-0 

•642 

r 

99 

4' 

It 

IS 

58320 

241 -6 

7-30 

• 

8-6 

•691 

r 

tf 

3K 

99 

19 

64980 

266-0 

7-49 

8-6 

•606 

r 


6 ' 

99 

20 

72000 

268-4 

7-89 

9-0 

•636 

r 


or 

It 

22 

87120 

296-0 

8-67 

9-6 

•701 

1' 

»» 

6 ' 

*t 

24 

103680 

322-0 

9-46 

10-6 

•766 



4r 

tt 
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WL. 

B. M. = <=16,000 lbs. per sq. inch; c=600 lbs. per sq. inch. 

Table (7)—Load«l60 lbs. per sq. foot. 


d h ^ 

inches, inches. »q. inchs. 



6 8100 



7 

11026 

8 

14400 

9 

18225 

10 

22500 

11 

27226 

12 

32400 

13 

38025 

14 

44100 

15 

60625 

16 

57600 

J7 

65026 

18 

72900 

19 

81226 

20 

90000 

22 

108900 

24 

129600 



TTT 


B ]yj ss, ; t ss 16,000 lbs. per sq. inch ; c =600 lbs. per sq. inch. 
Table (8)—Load>= 160 lbs. per sq. ft. 


Span 
in ft. 

B.M. 
inch lbs. 

1 

1 

i 

Vb.m. 

d 

inches. 

h 

inches. 

sq. inch. 

Diam. and spacing of 
bars. 

5 

6000 

77-9 

2-29 

3-5 

•185 

r 

at 

V centres.. 

i\ 

8640 

93 0 

2-73 

4-0 

-221 

r 


6' 

7 

11700 

108-5 

3-18 

4-5 

-257 

1 

99 

5" „ 

8 

15360 

124 -0 

3-64 

5-0 

•294 

r 

99 

4r » 

0 

19440 

139-0 

4-09 

5'5 

•331 

r 

99 

4" „ 

10 

1 24000 

» 

155-0 

4 -55 

! 6-0 

1 

■368 

r 

99 

6" „ 

11 

1 29040 

1 

170-3 

5-00 


•405 

r 

99 

Sr n 

12 

i 

34560 

186-0 

5-40 

6-5 

•437 

r 

99 


1.*! 

40560 

201-3 

5-91 

7-0 

•477 

.* 

99 

4r „ 

14 

47040 

217-0 

6-37 

7-5 

•515 

V 

99 

’ a »» 

15 

54000 

232-4 

6-83 

8-0 

1 

j -552 

V 

99 

^ 99 

16 1 

» 

61440 

247-8 

7-28 : 

i 

8-5 

•589 

V 

99 

4^ „ 

17 ! 

69360 

263 -4 

7-74 

9-0 

•626 

r 

99 

fir » 

18 i 

77760 

278-8 

8-19 

9-5 

•663 , 

I 

r 

99 

sr » 

19 I 

86640 

294-3 

8-65 

• 


•700 1 

r 

99 

fi" » 

20 

96000 

310-0 

9-11 

11-0 

-737 

r 

99 

4r „ 

22 

116160 

340-8 



•810 

r 

99 

» 

24 

138240 

371 -8 

10-93 

13-0 

1 

1 

•884 

1 

r 

t* 

4" 



m. -g-'; i =16,000 lbs, per sq. inch ; c = 600 lbs. per sq. inch. 

Table (9)—Load == 168 lbs. per sq. foot. 


B.M. / d I h A* 

inch lbs. inches, finches. sq. 

inches. 


Diam. and spacing of 
of Beinforceinent. 


O 6300 I V u ^ 

6 9072 95-2 2-79 

' 12348 111-3 3-27 

8 16128 127-0 I 3-73 

9 20412 146-3 4-29 

f 

10 26200 158-8 4-65 ! 


11 30492 174 6 

12 36288 190-7 

13 42688 206-3 

14 49392 222-2 

15 66700 238-1 

16 64612 254-0 

17 72828 269-8 i 


18 j 81648 285-8 8-40 

19 90972 301-3 8-85 

20 100800 317-6 9'33 

22 121968 349-1 10-26 

24 146162 3810 11-20 




i" at 1" centres. 


r 5^ 


r 6" 


ff o 


r „ 

¥' i" 


r » 6- . 
r „ 4r „ 
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W 

B. M. = ^ = 16,000 lbs. per sq. inch ; c « 600 lbs. per sq. inch. 

Table (10)—^Load = 200 lbs, persq. ft. 


Span, 
in ft. 

B.M. 

inch lbs.. 

\/ B. M. 

d 

inches. 

h 

inches. 


Diam and spacing of 
bars. 

5 

7500 

87-0 

2-55 

4-0 

•202 

r 

at 

6 J"' centres. 

6 

108800 

104-0 

3-05 

4-5 

•247 

r 

»* 

5^ 

99 

7 

14700 

121 0 

3 -56 

5-0 

•287 

r 

tf 

4r 

s» 

8 

19200 

138-8 

4-08 

5-5 

•330 

r 

tf 

4^ 

99 

9 

24300 

1.56-0 

4-55 

6-0 

•368 

r 

>» 

6" 

99 

10 

30000 

173-0 

5-08 

6-5 

•411 

r 

99 

sr 

99 

11 

36300 

190 -8 

5-60 

7-0 

•4.53 

r 

99 

5" 

99 

12 

43200 

208-0 

6-11 

7-5 

•495 

¥ 

99 

4r 

rt 

13 

50700 

225-0 

6-61 

8-0 

•535 

¥ 

tf 

4^ 


14 

58800 

242 -6 

7-13 

8-6 

•577 

¥ 

99 

4-^ 

99 

15 

67500 

260-0 

7-64 

9-0 

•018 

r 

99 

5¥ 

99 

16 

76800 

277-0 

8-14 

9-5 

•659 

r 

99 

5¥ 


17 

86700 

294-6 

8-46 

10-0 

•685 

r 

99 

5^ 

99 

18 

97200 

311-8 

• 9-16 

10-5 

•742 

r 

99 


99 

19 

108300 

329-2 

9-65 

11-0 

•781 

r 

99 

6¥ 

ft 

20 

120000 

346-5 

10*17 

11-5 

•823 

r 

99 

6 ^ 

99 

22 

145200 

381-0 

11-20 

-12-5 

•907 

r 

,» 

r>r 

ft 

24 

172800 

415-8 

12-22 

14-0 

•980 

r 

99 

5-^ 

if 
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B. M = P®' c « 000 lbs. per eq. moli. 

8 Table (11)—-Load = 224 lbs. Der au. foot. 


Span 

in 

ft. 

B. M. 
inch lbs 

■1 

d 

inches. 

1 

h 

inches. 

sq. 

inches. 

5 

8397 

91-4 

2-68 

4-0 

•217 1 

6 

12096 

109-9 

3 -23 

4 "6 

•261 

7 

16464 

128-3 

3-77 

5-0 

•305 

8 


146-6 

4-41 

5*0 

•357 

9 

27216 

165-0 

4-85 

6-0 

•392 

10 

33600 

183-2 

5-38 

6-6 

-435 

11 

40656 

201 -7 

5 -93 

7-0 

•480 

12 

4&384 

219-8 

6-46 

7-0 

*523 

13 

58784 

242-1 

7-12 

8-5 

•576 

14 

65856 

256-6 

7-54 

9-0 

•610 

15 

756(X) 

274-8 

8-07 

9-5 

•653 

10 

86016 

293 -8 

8-62 

10 -0 

•708 

17 

97104 

311 -6 

9-15 


•741 

18 

108864 

329-8 

9-69 

11-5 

•784 

19 


348-2 

10-22 

12-0 

•817 

20 

134400 1 

366-7 

10 -78 

12-5 

•873 

22 

162624 

403 -2 

11-84 

13-5 

•958 

24 

193536 

439-9 

12-91 

14-5 

1 -045 


Biam. and spacing of 
bars. 


at 6' Centres. 

r 


r 

r 

1" 

*0 

¥ 

¥ 

¥ 

r 

r 

r 

r 

r 

r 

a' 


r 


99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

*9 

99 

99 

99 

99 

99 


S'" 

i'' 

.3r 

O'" 

r>" 

4r 

4" 

sr 

5" 

4r 

4r 

4|/ 

6" 

sr 

5' 


99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

9 * 

99 

9 * 


Table (12)—Load = 250 lbs. per sq. It. 



B. M. 
inch lbs. 

1 

! Vb.m. 

!^S 

h 

inches* 

sq. 

inches. 

Diam. and spacing of 
Reinforcement. 

5 

6 

7 

8 ! 

“ 9 

10 I 

11 ' 
12 

13 

14 

15 

16 

17 

18 

19 

20 

9375 

13500 

18375 

24000 

30376 

37500 

46376 

540C0 

63375 

73600 

84376 

96000 

108375 

121500 

135376 

151000 

96-7 
116-4 
135-5 
1.55-0 
174-6 
193-6 1 
213 0 
232-4 
261-6 
271 2 
290 4 
310 0 
329-2 
348*6 
367*8 
388*7 

2- 84 

3- 42 

3- 98 

4- 55 
5*13 

5- 69 
6*26 

6- 83 

7- 39 
7-97 
8*62 
9-11 
9*67 

10*24 

10-80 

11*42 

4-0 

4- 5 

5- 0 

5- 5 

6- 6 
7*0 
7*5 
8*0 

8- 5 

9- 0 
9*6 

10-6 

10-0 

11-6 

12*5 

13*0 

•230 

•277 

•322 

•368 

•415 

•461 

•606 

•653 

•698 

•646 

•690 

•7:>8 

•783 

•829 

•874 

•924 

at 5V' centres. 

r 4V „ 

1* »» -i" >> 

¥ O'' 

¥ „ or „ 

¥ „ S'' 

r „ 4r 
¥ „ r „ 

¥ „ 3r „ 

r » sr 
r » 5" „ 
r „ i¥ „ 
r M „ 

r „ V „ 
r „ 

r 6r 








376 


Table (13)-—Load = 300 lbs. per sq, ft. 


Span 

in 

ft. 

B.M. 
inch lbs. 

Vb.m. 

d 

inches 

h 

inches. 

sq. 

inches. 

Diam. and spacing of 
Beinforcemeut. 

5 

11250 

1060 

3-21 

1 

4-5 

-260 

r 

at 

6'^ ceatfes. 

6 

16200 

127-5 

3-74 

5*0 

-303 

r 


V 


7 

22050 

148-2 

4-35 

5-6 

•352 

r 


er 


8 

28800 

169-8 


6 -0 j 

-402 

V 

99 



9 

36450 

191-0 1 

5-4J 

6-5 

•438 

r 

99 

5" 


10 

45000 

212-0 

6-2:. 

7-5 

•504 

r 

99 

44-^ 


11 

544.50 

233-4 

6-86 

8-0 

-555 

r 

99 

4" 


12 

64800 

254 -6 

7-48 

8-5 

•6C‘6 

r 

99 

6^ 


13 

76050 

276-0 

8-11 

‘ 9-6 

•656 

r 

99 

sr 

99 

14 

8S200 

297-0 

8-53 

10-0 

•691 

r 

99 

5" 

99 

1.5 

101250 

318-2 

9-.35 

11-0 

•757 

r 

99 

4r 

99 

16 

115200 

339-4 

9-95 

11-5 

•806 

r 

99 

4r 

99 

17 

130050 

360-8 

10 -60 

12-0 

•868 

r 

99 

V 

99 

18 

145800 

381-8 

11-20 

13-0 

•907 

r 

99 

5V 

99 

19 

162450 

403-0 

11-84 

13-5 

•959 

r 

99 

5r 

99 

20 

180000 

424-4 

12-47 

14-0 

1-010 

r 

99 

5" 

ft 


Table (14)—Load = 336 lbs. per sq. foot. 


Span 

in 

ft. 

B.M. 
inch lbs. 

Vb.m. 

d 

inches. 

h 

inches. 

A, 

sq. 

inches. 

T)ia«i. and spacing of 
Eoinfurcoment. 

6 

12600 

112-2 

3-29 

4\5 

•266 

r 

at 

centros. 

6 

18144 

134-6 

3-96 

5-0 

•320 

r 

>9 


7 

24696 

157 -6 

4-61 

6-0 

•373 

r 

99 


8 

32256 

179-4 

6«7 

6-5 

•426 

r 

99 

5¥ ft 

9 

40824 

202-2 

6-94 

7-0 , 

•481 

V 

99 

4r 

10 

50400 

224-6 

' 6-60 


•634 

V 

99 

* ft 

11 

60984 

247-0 

7-26 

8-6 

•687 

¥ 

99 

^ 99 

12 

72570 

269-3 

7-91 


*640 

I- 

99 


13 

85176 

291*8 

8-56 

BSEI 

•604 

f' 

91 

99 

14 

98784 

314-6 

9-25 


•749 

r 

99 

4r » 

15 

113400 

336-8 


11-5 

•801 

r 

99 

4r .. 

10 

129024 

359-6 


12-0 

•856 

r 

99 

4' „ 
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Table (15)—^Load — 400 lbs per sq, ft 


Span 

in 

ft. 

B.M. 
inch lbs. 

Vb. m. 

d 

inches. 

h 

inches. 

sq. 

inches. 

Diam. and spacing of 
Reinforcement. 

5 

15000 

122-8 

'3-71 

5-C 

-300 


at 

4" centres. 

6 

21600 

147-0 

4-32 

5-5 

-360 



6^ 

99 

7 

29400 

171-8 

6-06 

6-5 

-409 

V 

99 

6^ 

99 

8 

38400 

196*0 

5-76 

7-0 

-466 

¥ 

99 

5" 

99 

9 

48600 

220-5 

6-48 

7-5 

-524 

¥ 

99 


99 

10 

60000 

246-0 

7-20 

8-5 

-583 

¥ 

99 

^// 

99 

11 

72600 

269 -5 

7-90 

9-5 

-639 

¥ 

99 

5r 

99 

12 

86400 

294-0 

8-64 

10 -0 

-699 

r 

99 

5" 

99 

13 

101400 

318-5 

9-37 

10-5 

-759 

r 

99 

4r 

>9 

14 

117600 

343*0 

9-98 

11-6 

-808 

r 

99 

4r 

99 

15 

135000 

367-5 

10-80 

12-0 

•874 

r 

99 

4" 

99 

16 

153600 

392-0 

11-52 

13 '0 

•932 

1" 

99 

5r 

99 


Table (16)—Load = 448 lbs. per sq. foot. 


Span 

in 

ft. 

B.M. 

inch-lbs. 


d 

inches. 

h 

inches. 

A, 

sq. 

inches. 

Diam. and spacing of 
Roinforeemeiit. 

Vbm. 

5 

167921 

129-6 

3-81 

5-0 

•307 

1" 

at 

4" centres. 

6 

24192 

155-4 

4-55 

' 0-0 

•368 

r 

99 

6" „ 

7 

32928 

181-4 

5-33 

6-0 

•431 

V 

99 

5" „ 

8 

43008 

207-4 

6-09 

7-5 

•493 

• 

¥ 

99 

4r M 

9 

54432 

233 -2 

6-85 

8-0 

•564 

¥ 

>9 

4^ „ 

10 

67200 

259-3 

7-62 

9-0 

•617 

r 

99 

5r » 

11 

81312 

285-2 

8-38 

9-5 

•678 

r 

99 

5" „ 

12 

96768 

311-0 

9-13 

10 -5 

•739 

r 

99 

4¥ „ 

13 

117568 

342-8 

10-07 

11-5 

•815 

r 

99 

4r » 

14 

131712 

363 -0 

10-69 

12-6 

•864 

¥ 

99 

4^^ „ 

15 

161200 

388-8 

11-42 

13-0 

•924 

. 

r 

99 

5V » 
















377 


l^ble (17):—Loads ■* 600 lbs. per sq. foot. 


Span. 

in 

ft. 

B.M. 
inch lbs. 

Vb. m. 

d 

inches. 

h 

inches. 

sq. 

inches. 

t 

Diam. and spacing of 
Reinforcement. 

6 

18760 

137*0 

4*02 

6*5 

*326 

r at 

T centres. 

6 

27000 

164-6 

4*83 

6*0 

*391 

r » 

6" „ 

7 

36750 

191-6 

6*43 

6-5 

*439 

r „ 

5" „ 

8 

48000 

219-2 

6*42 

7*5 

*620 

¥ » 


9 

60760 

246*8 

7*25 

8*6 

•687 

¥ » 


10 

76000 

274*0 

8*05 

9*6 

•652 

r « 

5¥ » 

11 

90760 

301*5 

9*15 

10*6 

*741 

r » 

4r 

12 

108000 

328*0 

9*64 

11*0 

■780 

¥ » 

4r 

13 

126750 

356*0 

10*48 

12*0 

*848 

r » 

* >» 

14 

147000 

385*8 

11*32 

13-0 

*916 

¥ » 

4" „ 

16 

168760 

410*8 

12*07 

13*5 

*977 

r » 

6" » 


Simpio Buie.— 

Tor a load of 100 lbs. per ft. on floor. The thickness of floor = 2 ‘ 5 th span 

, „ W.L. 

whore B. M. = — 

1 ) 

For B. M. = , decrease the span by 10% 

12 

and B. M.= increase the span by 10% 

Thus a continuous beam will have a thickness of 5' on 10 ft. span, while 
the same thickness will be enough on 11 ft. span for a simply supported beam; and 
for semi-continuous beams 6'' thick slab will be required on 9 ft. span. 

For bigger loads, increase the thickness in proportion to the square root of 
the load . Thus, for 400 lbs. per ft. on a 11 ft. span wo require— 

X 6'= 2 X5 = 10'dab. 
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Beferring to table for 400 lbs. we find the slab thickness of 9'5* on 11 ft. 
span; thus our result is approximately correct. 

—^For full details consult “Beinforced Concrete Design” byS. L, 

Bhatia. 

CaUukUion for columns or posts. 

How to calculate a rectangular column or post made of good 1:2:4 ballast 
•concrete reinforced with mild steel. 

Let W = centrally applied load on column in lbs. 

A = area of concrete in sq. inches, 
c 

= sectional area of steel in sq. inches. 


Then A ^ 


W 

«J0 - 
" 14~ 



(1) 


Example.— Column 12 inches sq. has to carry a centrally applied load of 
80,000 lbs. What should bo the sectional area ot the steel reinforcement ? 


80,000 _ 144 

A, . .__- 114 

14 

This area of metal should be distributed among 4 rods 
placed at the corners of the posts; in this example four ^ 
in. dia. round rods will do. 

The longitudinal rods should be bound round with VV 
in. dia., wire loops or hooping spaced not more than 12 
inches apart. 





Table of Safe Loads 6H Coluniiis, 


























380 

PIPES AND CIRCULAR RESERVOIRS. 



(a) Internal pressure. 

If H =head of water in feet 

L = width of strip considered in inches 
usually taken as 12 inches. 
d = internal diameter of the pipe in 
inches. 

A^ = area of steel reinforcement in 
12 ' width. 


Showing method of Reinforcement. T 

® =* i X 62i H. d 

* 31J Hdft. lbs. 

=3 '215 H d inch lbs. per ft. length. 


A _ -216 H d L 

t + + 


( 1 ) 


and d 


( Capacity in gallons 

^ IWb 

For circnJar bins and silos if p is the pressure on the sides in lbs. per sq. 

P d L /o\ 

•• •• •• • * V"/ 

2t 


inch A ^ = 


The value of t should not be greater than fth the safe working resistance 
under flexure or 12,000 lbs. per sq. inch for mild steel. 

( 6 ) External pressure. 

In this case as the structure is in compression we may allow for tho resistance 
of the concrete. 

P = ^ p D D — External diameter in ft. 

The method of treatment is as follows :— 

As the shell and longitudinals are continuous we may consider the slab as 
securely fixed at the ends and therefore the B. M. will be 

B. M. = ^ (f»t fixed ends), 

12 

— (in the middle.) 


In addition to the hoop or spiral reinforcement determined above, longitu¬ 
dinal bars are necessary to strengthen the concrete to resist the pressure they 
have to sustain. 

Practical considerations generally decide the thickness of the concrete shell 
which is usually 1^ to 2 inches thick for pipes up to 10 inches diameter aud 
seldom exceeds 3 to 3^ inches even for larger diameter pipes. 

For reservoirs the minimum thickness should be 
h » Depth of tank 3 6 9 12 16 ft. 7 , h . n • i. 

t s thickness 3 4 6 6 7 inches J * * ^ inches. 
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REINFORCED CONCRETE ARCHES. 


(a) Small span arohea:—Arches with uniformly distributed load ara 
considered as parabolic— 

If W a= load per square unit. 

Ls 9 span 
rs= rise. 

H=s horizontal thrust 

WL2 .. .. (1) 


Let R 
R 


8r 

Reaction at springings. 
W L2 / — 


8r V “ ' L2 
(6) Arches loaded over half the span and considered parabolic- 

H=^^(w+2p) 


( 2 ) 


( 3 ) 


R 


L2 


(w 4 2p) 


16r ' ‘ L2 

The dead load produces no bending moment as it is uniformly distributed. 
The maximum bending moment due to super-imposed load only is produced at a 
section a quarter the length of the span from the springings tending to cause a 
downward deflection on the loaded side and an upward deflection on the unloaded 
side. 

WL2 

• • • * • • • • 


+ 


4rS! 


\ (3w -f 4p)2 ^ 
\{w + 2p)2 S 


(4) 


B.M. = 


64 


The thrust at J L from the springings is— 

(VV 4 2p) sec ^ 

I6r 


(6) 


Where $ is the angle of the neutral surface ciurve to the horizontal. 

The simplest method for finding the amount of reinforcement necessary and 
one sufficiently approximate for practical purposes is to first consider the direct 
thrust and find the intensity of stress c on the concrete duo to the above. After 
this has ^en done, find the necessary reinforcement to resist the bending moment 
using the formula for beams, but with a maximum compressive resistance of con¬ 
crete of (600—c) and for the allowable resistance of the reinforcement. 

16,000-fl5c 

Example ;—To find the necessary reinforcement for an arch to resist a B.M. 
of 300,000 inch lbs. and a normal thrust of 36,000 lbs. Radial depth 26 inches. 

Consider 12"^ strip of arch. 

30 OOO 

The stress due to thrust = ~ 25 ~ x l2 ^ 

The resistance for Bending = 600—120 « 480 lbs. per sq. ft. 

The resistance for Reinforcement » 16,000 4 16 X 120 = 17,800 lbs. 

For arches a symmetrical double reinforcement is generally employed. 

We then have a double reinforced beam with A =* A^, 12'' wide, 25* deep 
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with reinforooniettt near both surfaces under a bending moment of 300,000 inch 
lbs. when t s 17,800 lbs. per sq. inch. 

c = 480 lbs. per sq. inch. 

d « 23 inches. 

n _ 15 X 480 X 23 ^ 166600 . 

t-i-16o 17,800 X 16 X 480 2610O 


Place the reinforcement bars 2" for the top C ■■ 15 x o_ 


n-d. 


Cs = 15 X 480 X = 4,80(j lbs. per sq. inch. (See formula 7a 

double reinforced beams.) 

rEquation 5 double') 

B. M. = ^ c n2 b+C A (n—d v + t A (d — n) L 

^ ^ I reinforced beam / 

300,000 « i X 48i X (6-6)9 x 12 + 4800 A^ (6-6 — -?:i) 

+ 17,800 (23 — 6-6} A^ 

= 160 X 43-56 X 12 -f- 4,800 A. X 4*4 + 17,800 X 16-4 A^ 

z t 

= 83635*20 + 21,120 A, + 291,920 A, 


2,16.366«3,12,040 A^ 


A. = -69 sq. inches 


Use J " rod 3'*' apart. (Ses table No. 18) 
h =s depth at springing in ft. 

If h^ = depth at crown in ft, 

K ^ + -66 ft. 

9,600 


. (7) 


u (i. j « —1 14 X rise 

.60 p aod p = g-p approx. .. (8) 


horizontal thrust at springing b H x sec 
Width at the Crown =* 2 x h 


.. (9) 
.. ( 10 ) 



Table (18) giving sectional area of metal in 12 inches ufidth of slab with the rods spaced various distances 
__ apart, _ 
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ROADS. 

« 

Material, —Stone, hard Moorum, Kankar or Latrite. 

Barrow-pits. —No barrow-pits to be within 10 feet from the foot of the 
slope of embankment. 

Demarcaiion of Boundaries. —Furlong stones on either sides. 

Width of Roadway. —Ordinary Indian roads arc from 12 to 20 feet. 

Road side Drains. —1 to 3 feet below the surface of road, 2" wide paved on 
its floor and inner side. 

Catch-water Drains. —Should be constructed alongside the roadway at a 
distance of 10 to 40 feet above the roadway. 

Gradient. —Maximum 1 in 20 with not less than 300 feet of level length 
in each mile. Steeper than 1 in 30 should be avoided if possible. In America 
the ruling gradient is 1 in 11. For camel load the ruling gradient to be 1 in 10 ; 
max. 1 in 8. For mule load ruling gradient to be 1 in 7 : max. 1 in o. 

Curves. —Should not be less than 60 feet radius except at re-entering angles. 
In all curves sharper than 100' radius the rise in 100 feet should be radius. 
On camel roails the cuives are not to be loss than 10 feet radius. 

Snpcr-ehvaticm. —The pitch of the banking should vary inversely with the 
radius of curve. 

Banking. —On all curves of more than 45° the surface should be banked 
inwards at a slope of I in 20 and on still sharjier curves at a slope of 1 in 12. 

Approaches to Bridges. —Approaches should be as easy as possible. 

Blind Corner. —Corners should be so laid out that a 4 feet rod jilaeed at the 
centre of a road may be visible from the same height, 100 feet away. 

Wheel Guards and Bump Posts. —Should be fixed at both ends of all bridges 
and culverts. They may consist of old rails or stones jirojecting at least 9" 
beyond the inner edge of the parapet or coi)ing. Wheel guards or kerbs 9" high 
and 9" wide should also be provided along the edges of the roads for the full length 
of the parapet or railings. 

Pitch .. ., i i J f riT r T iV iin 

Radius of Curve .. 36 56 65 80 100 120 150 200 250 400 

Annual Wear of Roads in India. —Is reckoned at one cubic yard of broken 
metal per mile annually for each cart that passes over such mile daily (Moles- 
worth). 

Camber. —Normal in straiglit roads 1 in 40. No camber on curves. 
Excessive camber should bo avoided , it is dangerous to swift traflic. 

Loss of Power on inclines :—Calling the load 's liich a horse can draw on level 1 


on a 

rise of 

1 

in 

100 a horse can draw onlv 

0-90 

9$ 

99 

1 

in 

50 „ 


0*81 

f9 

99 

1 

in 

44 

9 9 

0-75 

99 

99 

1 

in 

40 

99 

0-72 


99 

1 

in 

30 

99 

0-64 

99 

99 

1 

in 

26 

99 

(r54 

99 

99 

1 

in 

20 

99 

0-40 

m 

« • 

1 

in 

10 

n « 

0-25 
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The fotce or pull which a horse has to exert to di’aw a load on a livel maca¬ 
damized road varies from the load according to the condition of 

road. 

The figures in table below, are generally adwted at the relative tractive 
force necessary to draw a load on different kinds or materials composing of road 
surface. 


* 

Materials. 

Resistance 
to traction 
on level. 

Tractive 
force in lbs. 
required to 
move one ton 
on a level. 

Asphalted roads 


• • • • • • 

1*0 to 1*6 

15 to 22*6 

Paved roadway, 

dry and in good order 

1*5 to 2*0 

22 *6 to 30*0 

if 99 

99 

„ fair order 

2*0 to 2*5 

30 *0 to 37*5 

99 99 

99 

„ covered with mud 

2*0 to 2*7 

30*0 to 40*6 

Macadamized roadway. 

, dry and in good order 

2*6 to 3 

37*5 to 45 

99 

99 

in wet state 

3*3 

49*5 

99 

99 

„ fair order 

4*5 

67*5 

99 

99 

,, covered with mud .. 

5*5 

82*5 

99 

99 

,, covered with loose sand 

5 to 8*2 

75 to 123 

Katcha Roads 


• • • • 

13—18 

200—260 

Rails 

■ « 

• 

• • • • 

1*0 

16 


Traction <yr Friction on Hoads. 
Cart on common road 
Carriage on plank road 
Carriage on rail road 


• • ~ ffV load. 
•. — T^cf load. 

• • xiff load. 


• « 


• • 



Ot^QOO^M CO 00 « © W »0 » Q 
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The load (in addition to oart) two bullocks 
working day is— 

On sand road 

ordinary earth 
worn stone blocks 
hard earth 
hard gravel 
hard macadam .. 
best stone block .. 
asphalts 


can safely draw on a level each 



.. 228 lbs. 

.. 466 
..1,137 
..1,193 
.. 1,279 
.. 1,391 
..3,006 

..6,096 „ (Morin 
Gordon). 


Grade, Table. 



ll—lSi 1056 

8—7i 764 

7—7i 660 

5—43 528 

5—12 480 

4—46 440 


4—24 406 

4-^i 377 

3-49 352 

3—34i 330 

3—22 311 

3—11 293 

3—1 278 



2—54 264 110 0—34 48 

2—36 240 115 0—30 46 

2—23 220 120 0—28* 44 

2—17* 211 126 0—28 42 

2—7 196* 150 0—23 39* 

2—2 188* 200 0—17* 26* 

1—54* 1.3 400 0—8* 13 
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Tabu oj CoeffieUnta of FricUon, 

1. Wood on wood or metal.—Dry, *4 to ‘6 ; greasy, ’2 to *4 ; lubricated, *l 
to -2. 

2. Metal on Metal.—^Wet, *3 ; dry, *2 ; greasy, '16; lubricated, '1; standing 
or '08, moving. 

3. Leather on Metal.—^Wet, *26 ; dry, '5. 

4. Stone on wrought iron.—dry, *6; wet, '3 ; greasy, *17. 

6. Stone on stone.—Dry, '65 ; wet, *33 ; greasy, *16. 

Approximate, Cost of Roads. 


The approximate cost of roads is Rs. 20,000/-per mile in the Punjab. 

For rough estimates in a 16 feet road the following are approximately of equal 


cost :— 

Embankment, 4 feet high .. 
Culverts (aggregate spans) 

Large bridge 
Maintenance 

Large span road bridges cost approx. 


.. .. One mile. 

.. ..36 feet. 

.. .. 10 feet run. 

.. .. 900 feet (Roorkee Trea¬ 

tise). 

Rs. 100/- to Rs. 160/- per foot run. 


Constructiom. 


Soling .—Should always be provided except on rocky soil. It should be 1 
foot more than the required width of the road. 

Thickness of Soling .—Normal 6 to 9 inches. On embankments 9 to 12 inches,. 
should bo hand packed. 

Metalling .—The gauge of the metal should be 1| to 2 inches. 

Consolidation .—Consists of (1) spreading and rolling dry; (2) watering 
and rolling wet; (3) surfacing and rolling wet. 

Parapets and hand rails should be 2 feet thick and 3 feet high. If stonea 
are used, each stone should be of such size that one man cannot move it. 

Direction and Warning Signals. 

1. Road direction post. 

2. Warning signs and notices. 

3. Village and place name signs. 

4. Road name signs. 

6. Mile stones and furlong stones. 

Repairs to Metal —The annual aUowance for petty repairs is approx. 1,760 
cubic feet per mile. 

Road Records .—Record plan should be maintained for every road on a scale 
of 12 inches to one mile. It should show all important partioulars of road 
including gradients, radius of curves, metal stacking, catch-water drains, miles 
and furlong stones, boundary of road, culverts, causeways, bridges, buildings, 
wells, cross-roads and other important objects. 
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RemttalUng. —Normal period 4 years. The thickness of metal should not be 
allowed to get less than 2 to 3 inches. Process consists of— 

1. Scouring the old surface. 

2. Spreading the new metal. 

3. Dry rolling 

4. Watering and wet rolling. 

Special Methods of Road Surfacing. 

1. Oil and tar spraying. 

2. Tar macadam. 

3. Cement concrete. 

4. Reinforced brick and concrete. 

5. Asphalte and Maxsphalte. 

1. Tar oiling comprises the pressure spraying of the surface with a suitable 
number of coats of tar oil or petroleum oil with a mixture of 5 % coal tar. The 
following condition must be fulfilled:— 

1. The surface must be dry and clean. 

2. Traffic must be kept off the portion. 

3. Should be carried out only in dry hot weather. The mixture should 
be applied hot at 200® F. 

Three coats are necessary. The first coat requires 10 tons, second 6 tons and 
the third coat 4 tons in case of 12 feet road one mile long or say 2 to 3| lbs. per 
square yard. The first coat requires 2 days to dry, the second 4 days, and the 
third 7 to 10 days. After 3 coats no watering is required for a year. 

It is said that tar spraying gives a slippery road. This can be overcome 
by the use of a larger grade and greater quantity of chippings. The use of 
bitumen or a mixture of bitumen and tar instead of tar, reduces slipperiness 
to a great extent. 

2. Tar Macadam is superior to oil spraying but more expensive in initial 
cost. Following conditions should be fulfilled :— 

1. Should have a proper foundation. 

2. The thickness of surface coating to be not less than 3 inches. 

3. The aggregate should consist of 60% 2* standard gauge, 30% IJ'', 

10% of r to r- 

4. The stone must be thoroughly dried before being coated with tar. 

5. The quantity used to coat one ton of metal should be approximately 

from 9 to 12 gallons. 

6. Too much rolling should be avoided. ' 

7. Stone chipping should bo used for gritting. 

In the districts where stone is available a water bound road sealed with a 
mixture of bitumen and tar is the most economical form of construction. Such 
a road if properly maintained will last a considerable time and cost less in main¬ 
tenance. Hard stone should be used if available. In places where stone is not 
available and transporting is expensive, bitumen macadam mixed by machinery 
or asphaltic concrete is more economical. The methods of constructing these 
roads are more expensive than water bound macadam, but the total weight of 
material to be transported to the site is less, the life is longer and the cost of 
maiutcnanco low. 



389 


Another type of construction for such places is bitumen macadam using welt 
burnt brick ballast for the base instead of stone. Increase the quantity of 
bitumen and thickness of top coat. 

3. Cement Concrete.—It is durable and well suited for high speed traffic. 

The initial cost is great but the maintenance is less. Thickness to be 6 to 8 inchea 
according to soil. The stone should be graded from inches to f inch. Usual 
proportion 1:2:4. In case where two courses are essential, the upper should 
be richer in thickness of IJ inches, composed in proportion 1 : 1 : 2 or 1 : : 3. 

4. Reinforced brick roada are equally strong and durable as reinforced 
concrete but cost much less. The cost of maintenance is practically nothing. 

Method of Construction. —(1) Make net-work of steel and place the same on 
the road bed J'' above the ground. (2) Insert hard-burnt bricks in the spaces 
between steel rods taking care that they remain free from contact of rods and 
where blocks are used with two or more bricks, they can be made separately 
beforehand and then placed in position, (3) Pour cement mortar of wet 
consistency in the joints. (4) Lay cement concrete at the top of the bricks to 
the required depth and keep the surface covered with sand till the concrete 
sets hard. 

5. Proportion .— i. 1: 2^ or 2 cement mortar. 

ii. 1:2: 3. Cement concrete. 



Sealing Coat on Water Bound Macadam. 

This should only be applied whore the surface is in good order and perfectly 
dry. Sweep the road surface free from all dirt and dust. Heat the tar to a 
temiierature of 230° F. to 240° F. Apply the tar to the road surface covering 
about 40 3. ft. to the gallon. Cover with chippings of hard broken stone or 
gravel of the following grades:— 

Passing Y screen, 0 to 15 per cent. 

Passing screen, 25 to 75 per cent. 

Passing screen, 95 to 100 per cent. 

Use sufficient chipjjings to cover up the tar completely and roll them onwell 
with a roller. Apply another coat six to twelve months later. This should be 
similar to the first coat except that instead of ta a mixture of 2 parts bitumen 
and 3 parts of tar should be used, heated to a temperature of 350° F. Further 
applications are made from time to time. 



5. AaphaU and MaxaphaU Roads, 


Qeneral .—Bitumen is obtainable in vaxious grades of hardness. In Great 
Britain bitumen, having a penetration of from 50 to 75 is used for macadam and 
conorote. For sealing bitumen with x> 6 netration of 90 to 200 is used. A grade 
should be selected such that the hottest time of the year, it should never be so 
soft as to be liable to serious corrugation. For Punjab a grade with a pene¬ 
tration of 40 to 50 will be found suitable. 

Oen&ral Description of Specification .—This specification covers the construc¬ 
tion of sheet asphalt surface course and applies only when the materials used 
meet the requirements of the standard specified. It is the intent and purpose of 
the specification to cover specially the standards of materials to be used and tne 
arrangement thereof in such a manner as to furnish a dense and compact sheet 
asphalt surface. This specification does not comprehend the preparation of the 
base course sub-grade method of draining. 

Composition of Mixture .—The sheet asphalt surface mixture shall consist 
of sand and mineral filler, uniformly mixed with asphalt and laid to the required 
thickness. 

Materials : Sand .—The sand for the sheet asphalt surface mixture shall con¬ 
sist of clean, hard, durable grains free from clay, loam or other foreign matter. 
When tested by means of laboratory screens, the sand shall consist of one or 
more commercial products and shall be considered as passing the openings of 
a sieve having 10 meshes to an inch. 

Mineral Filler .—The mineral filler of sheet asphalt surface mixture shall 
consist of thoroughly dry limestone dust or Portland Cement free from clay, 
loam or other foreign matter passing a sieve having 30 meshes to an inch and at 
least 65% of which shall pass through the sieve having 200 openings to an inch. 

Asphalt .—The asphalt used under these specifications shall be steam re¬ 
fined asphalt prepared from crude asphaltic base petroleum. It shall be homo¬ 
geneous, free from water, and shall not foam when heated to 176° C. or 347° F. 
It shadl meet the following requirements for physical and chemical properties. 

Pitnty.—( 1 ). It shall not be less than 99 % soluble in cold carbonate 
sulphide (CS 2 .) 

Penetration. —(2). The penetration at 26° C. or 77° F. of 100 grammes shall 
be between the limits of 6 to 6 millimeters. 

Ductility..^{7t). The ductility at 26° C. or 77° F. shall not be less than 100. 

‘ FoZoitKiy.—(4). The loss on heating at 163° C. or 320° F. for five hours shall 

not be more than 3%. 

FUiah point. —(5). Shall not be less than 176° C. or 347° F. 

Solubility .—The solubility in cold carbon tetra chloride (CC 44 ) shall not 
be less than 99 %. 

Preparation of Asphalt .—The asphalt shall be heated in kettle or tanks 
designed to secure uniform heating of entire contents and shall be brought to a 
temperature of 226® F, to 360° F. 

Preparation of Sand and Filler.—The enndiov the sheet asphalt surface mix¬ 
ture shall be dried and heated at the paving plant in suitable designed revolving 
drums and shall be heated to a temneriitUTe of 275° F., or 375° F. as determined 
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on the mixing platform. When a mixture of 2 or more sands is required in order 
to produce a material conforming to the preparation of good asphalt, such com* 
nation shall be made before the sand is fed into the driers in proper propor- 
bitions. Immediately after heating the sand shall be screenedinto sizes asfollows;— 

(1) Passing sieve having 10 meshes to a inch retained on a sieve of 40 
meshes. (2) Passing the 40 mesh sieve and retained on 80 mesh sieve. 
(3) Passing 80 mesh sieve and retained on 200. (4) Passing 200 mesh sieve. 

The screened material is to be stored in 4 separate lines according to sizes 
above specified. The mineral filler shall bo stored separately. It shall be fed 
directly into the mixer or shall be thoroughly mixed with sand from 10 to 16 
seconds before the asphalt is added. 

An approved device shall be installed at suitable point at the discharged 
end of the drier, for clearly indicating to the drum fireman the temperature of 
the sand as discharged. 

Preparation of Surface Mixture .—The sand for the sheet asphalt mixture shall 
be measured separately by weight for each batch. The mixed filler shall be 
added by sacks of definitely known weight. The sand mineral filler shall be 
mixed in accordance with the quantities and sizes as described above. 

The required quantity of hot asphalt from each batch shall be measured by 
actual Weighing with the scales attached to the asphalt buckets. The sand and 
mineral filler shall be thoroughly mixed in such a way that all particles of sand 
and filler are uniformly coated in less than a minute. 

The time of mixing should be at the discretion of engineer. 

Paving Plant Inspection .—The engineer or his authorized representative 
shall have access at any time to all parts of the paving plant for the verification 
of the Weight, properties and character of materials, and determination of tem¬ 
peratures used in the preparation of mixture. 

Transportation of Mis^ure .—The sheet asphalt surface mixture shall be tran^ 
ported from the paving plant to the work in tight vehicles previously clears 
of all foreign material and, when directed by the engineer, each load 
covered with canvas or other suitable material of sufficient size to protect it from 
weather conditions. In case oil is used to prevent the adhesion of the mixtme 
to the bed of the truck, an excess oil shall not be permitted. No loads shall be 
sent out so late in the day as to interfere with spreading and compacting the 
mixture during day light unless artificial light to the satisfaction of the 
engineer is provided. 

Construction .—Prior to the arrival of the mixture on the work the prepared 
base shall be cleared of all loose and foreign materials. The mixture shall be 
delivered at the temperature of 260® to 326® F. 

Upon arrival on the work it shall at once be uniformly spread by means of 
shovels, forks or mechanical spreader in a loose layer to correct depth over the 
area designated. No mixture shall be spread when the base is wet or when 
weather condition is unsuitable. 

Completing Mixture .—When still hot the sheet asphalt surface course shall 
be thoroughly and uniformly compressed by a power driven roller of 6 to 8 
^3 tons. 
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Rolling shall start longitudinally at the sides and proceed towards the 
centre of the pavement overlapping on successive trips by at least half the width 
of the roller. Until thoroughly consolidated the motion of the roller shall 
at all times be slow enough to avoid displacement of the hot mixture and any 
displacement occurring as the result of reversing the direction of the roller or 
from any other cause, shall at once be corrected by the use of rakes and a fresh 
mixture when required. The rolling shall proceed at an average rate not exceed¬ 
ing 2(>() square yards per hour per roller except a gasoline roller of the approved 
type is used: in which case 250 square yards per hour per roller shall bo allowed 
and shall continue until no further impression is possible. The wheels of the roller 
shall be properly moistened to prevent adhesion of the surface of the mixture to 
the roller, but an excess of water shall not be allowed. 

Before final compression a light uniform coating of limestone dust or cement 
shall be swept over the surface of the pavement and the rolling then continued 
for another 2 to 3 times. 

Along kerbs, headers and similar structures and at places not suitable to 
the roller the surface mixture shall be thoroughly compacted with hot tempers 
to provide scaled joints. 

The surface of the mixture after compression shall be smooth and true to 
the established crown to grade. Any mixture which becomes loose or broken or 
in any way defective sh^l be immediately remedied by removing the surface 
course mixture at such spots and by replacing it with fresh hot sheet asphalt 
which shall be immediately compacted to conform with the surrounding area. 

Joints in Surface- Course. —The placing of the sheet asphalt mixture shall be 
as nearly continuous as possible and the roller shall pass over the unprotected 
and the fresh laid mixture only when the laying of this course is to discontinue 
for such a length of time as to permit the mixture to become chilled. In such 
cases, including the formation of joints, provision shall be made for proper bond 
with new surface mixture by cutting or trimming back the joints while the 
material is still hot; so as to expose a granular surface for the full specified 
depth of the course. 

At the end of the last day’s work, when the laying of the surface mixture is 
resumed the exposed edge of the joints should be painted with a thin coat of hot 
; sphalt and the fresh mixture shall be raked against the joint thoroughly. 

Protection of Pavement. —Sections of newly compacted sheet asphalt wearing 
surface course shall be protected from traffic for at least six hours or until they 
have become properly hardened by cooling. 

Construction of Surface Course, —The constituents of the asphaltic concrete 
surface mixture shall be combined in such proportions as to produce a mixture 
conforming to the following composition limits by weight:— 

Passing K .square sieves and retain on . .25 to 36 %. 

Passing square sieves and retain on .. 15 to 26 %. 

Passing square sieves and retain 10 meshes .. 10 to 20 %. 

Passing 10 mesh .. .. .. 25 to 36 %. 

Mineral filler .. .. .. 0 to 6 %. 

Asphalt .. .. .. 5 to 8 


iiw> j><i 
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The following figures will serve as a guide :— 


(a) (1) Course stone 

480 

lbs. 

54 *6 

/o 

(2) Fine stone 

200 

»» 

22-7 

% 

(3) Sand 

150 

*9 

12 

% 

♦(4) B. A. Cement 

50 

99 

5-7 

% 

Total .. 

880 

lbs. 



(6) (1) Course stone 

480 

lbs. 

53-3 

o/ 

/o 

(2) Fine stone 

202 

99 

22-4 

% 

(3) Sand 

150 

99 

16-2 

0/ 

/o 

t{T) A. Cement 

08 

99 

7-6 

o/ 

/o 


Total .. 000 lbs. 


How to use asphalt by penetrating method, 

(1) Using ungraded road inetal. 

Spread dry clean 1^"^ to 2^" stone bottom course in such a quantity that 
after being rolled there will be a depth of not less than 2^'', nor more than 3'^. 

Roll until stones do not creep under action of roller. Pour 1^^ to 1-| gallons of 
asphalt heated to not less than 325® F. into each square yard of road surface. 

Spread clean dry stones evenly over surface and roll thorovighly; after 
which remove all loose stones whioh have been not driven into the road. 

Apply to this surface \ gallon of asphalt per square yard, cover with dry 
clean screenings and roll until a smooth surface results. 

The road may be opened to trallic as soon as completed. 

(2) Using graded road metal. 

The stones shall be of a good quality and of two gradings hereafter known as 
“A” and“B”. 

“ A ” stones shall bo graded as follows :— 

Passing sieve of mesh. Retained on sieve mesh. Percentage weight. 

2 .. 100 

2 1^ 22 to 32 

4 li 13 to 17 J-50 to 68 

ij 1 15 to 19 


1 

I 


h 


16 to 22 ) 
19 to 26 i 


35 to 47 


*B. A. C=:Bermaudez Asphalt Cement. 
fT. A. C=Trinded Asphalt Cement. 
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•*B '’stones shall be graded as follows:— 


i 

f 

12 to 16 

f 

i 

14 to 18 

i 


17 to 23 

h 

10 

5 to 7 

10 

20 

10 to 14 

20 

30 

5 to 7 

30 

40 

3to 5 

40 

50 

1 to 3 

50 

80 

3 to 5 

80 

100 

1 to 3 

100 

200 

3 to 5 


1 48 to 64 


to 29 

J 


’ 15 to 2o 


If “ A ” stones contain 50 to 68% of stones passing a 2'' sieve but retained 
cn a I'' sieve and from 35 to 47 % passing 1*^ but retained on sieve it 
hall be acceptable. 

Construction .—Upon the foundation grade “ A ” stone shall be spread evenly 
to a depth of 2^. 

The surface shall be rolled with a 8 to 12 ton steam roller until thoroughly 
consolidated. 

Liquified asphalt at a temperature 425** F. shall then be evenly applied over 
the surface at the ratio of f Imperial gallons per square yard with hand or mecha> 
nical pressure distributor. 

Sufficient grade “ B ” stone shall be spread over the surface to fill all inter¬ 
stices. 

The surface shall be again rolled until thoroughly consolidated. 

All surface stones shall be removed from the siirface by sweeping. 

The surface shall now be painted with liquid asphalt and to ensure an even 
distribution, push brooms shall be used. 

The surface shall now be thoroughly covered with grade “ B ” stones and 
rolled again as before. Alternate rolling and covering with grade “ B ” stones 
shall be continued until the road is firm and smooth. Any spots too rich in 
asphaltuu shall be covered'with grade B” stone and rolled, and any spots too 
dry ■’hall have asphaltun applied and grade ‘' B ” stone spread over it and 
rolled. 

Cost Bs. 6-12-0 per square yard. 

'.*Xost per mile of 16 feet wide roads=Bs. 63,750 approximate as compared 
to the cost of ordinary water bound macadam which is = Bs. 20,000 under 
ordinary conditions. 

No hard and fast rules can, however, be laid. It differs in different places 
and depends upon the hardness of atone metal and the lead from the quarry. 
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Maxphaltic Oroutings^ 

Asiatic Petroleum Company supplies this in about 375 lbs. casks. 


Specification of Products ',— 

Specific gravity at 77® F. . . .. . , 1 *05 

Melting point 160* F. 

Penetration at 77® F. 100 grammes wt. 5 seconds 26 

Ductility at 77® F. .. .. 14 

Bitumen soluble in CS 2 .. .. 99*9 % 

Insoluble inorganic matter .. .. *05 

Ashes .. .. .. "05 

CS 9 .. .. .. 28*4 


The following may be taken as an approximate specification for the manu* 
facture of two course road work to comprise of a binder course of say 2 *^ with 
carpet of l^^'. 

Binder Course. Surface Course. 


Bitumen 

Filler 

Sand 

Chippings 


5 % 10*5 % 

5 % 14*0 % 

20 % 70 

12-8 % 


Note. —Rate of Maxphalt is Rs. 7/J2/0 per cwt. as delivered from docks. 

This is a simple and economical method of construction of an impervious 
surface and capable of carrying heavy mechanical traction. The only plant 
required consists of boilers having a large heating area and cans with roses. 

A good hard rock broken to 2" gauge should be evenly and carefully spread. 
The metal should be lightly rolled, just sufficient to place each stone in its proper 
place; care should be taken that no maxphalt is applied when the stone is wet. 
Maxphalt heated to a temperature of 350® F. should be poured into the inster- 
stices, great care being taken to ensure even distribution. 

Approximately 2 gallons of maxphalt should be used per square yard for a 
3*^ consolidated coating of metal. It is the practice of many Engineers to then 
sprinkle chippings over the grouted surface and to continue rolling while others 
prefer to allow the maxphalt to cool slightly and then roll. The former is 
better in author’s opinion. The sealing coat should consist of “ SpramaX,” a 
semi-solid bitumen having a penetration of 200 , heated to 360® F. or maxphalt 
fluxed to a penetration of 200 , ahd applied by means of pails. 

Immediately after the application of spramax a dressing of chippings should 
be spread, one ton of spramax will seal about 600 to 700 square yards. 

Cost .—The average cost of grouting a 3'*' macadam as above described is 
Rs. 2/6/0 per square yard above the ordinary cost of water bound macadam. 

It has long been recognized that tar is not altogether satisfactory for road 
surface dreissings. for various reasons upon which it is unnecessary to dilate. 
A series of experiments have been carried out by Shel-Max Ltd., with a view to 
find a substitute having greater advantages. This material marked under the 
name of Spramax has been found to answer every test applied as a surface dress¬ 
ing and subsequently dressing with clean chippings. It gives an asphaltic 
wearing surface and is far betl^r than tar. 
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Asphaltic Concrete Mixers .—These can be used either fox asphaltic concrete 
or bituminous macadam. The larger sizes are of the stationary type, but the 
smaller ones are portable. The latter type is suitable for Indian conditions. The 
most common size is one with an output of 8 to 10 tons per hour, but a smaller 
size producing about half this quantity is also manufactured. This latter size 
will probably be found the best for use in the Punjab at least until experience has 
been gained. The general lines of the mixers by various British manufacturers 
are similar. The aggregate is fed in at groimd level, elevated, passed through a 
drying and heating drum, elevated again into a bin, and passed through a hand 
operated shutter into a hopper in which it is weighed. There is also a i)an in which 
the hot bitumen and tar are weighed; the material can bo laddled out of the 
raelter into this pan by hand. The pan and hopper can each be emptied into the 
mixer by moving a lever. Tho filler is emptied direct into the mixer by hand. 
The mixed concrete is discharged by moving a lever into a vehicle waiting below. 
The 4-6 ton per hour machine requires about 16 B. H. P. 

Rollers. —A groat diversity of types and weights of rollers is in use in Great 
Britain. An 8-ton tandem steam roller is probably the most convenient for 
asphaltic concrete. Steam steering gear is a great convenience for this work. 
In no case should the roller be so heavy as to break the stone. Whatever type 
of roller is used, reversing should be instantaneous. When rolling asphaltic con¬ 
crete the rollers should be kept damp to j)revcnt them sticking to the bitumen. 

The following is a list of the plant required for mixing and laying bituminous 
macadam or asphaltic concrete:— 

Asphalt mixing plant, 4 ton per hour capacity. 

Portable steam engine, 10 B. H. P. 
or 

Oil engine, 16 B. H. P. 

Two 600 gallon bitumen melting tanks. 

Tar boiler, 260 gallons capacity. 

Thermometers reading to 600® F. 

Smoothers. 

Tampers. 

Rakes. 

Bitumen boilers. 

8 Ton Tandem Steam Roller. 

1 Ton lorries with iron bodies. 
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RAILWAYS. 

Gauge I —The gauge of a railway is the distance between the two rails 
forming the track. It is measured between the inner sides of the rail heads. 

Table Showing Railway Gauges used in different cowfUriea. 


India 

Australia 

Belgium 

Canada 

Ceylon 

China 

Denmark 

Franee 

Germany 

Ireland 

Japan 

Malay 

Newzealand 

Newfoundland 

Portugal 

Russia 



South Amorioa practically ail gauges. 


South Africa .. .. 3 6 2 0 

Spain .. .. 6 6| 3 3| 

Sweden .. ..4 8^ 3 6 2 11 

Switzerland .. .. 4 8| 3 3| 

Tasmania .. .. 3 6 

United States America .. 4 84 3 0 


o o 
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Max, and Min, Dimensions to be observed on all Broad, Mder and Narrow 


gauge Railways in India. 


Items. 

Broad gauge 
5'-6" 

Metre gauge 
3'-3f 

Narrow gauge 
2^-6" 

Formation. —Min. width in embank- 




ment (Single Line) 

20 

16 

10 

Min. width in cutting (Single Line) .. 

18 

14 

9 

Min. width in embankment (Double 




* 

34 

28 

22 

Min. width in outting (Double Line) .. 

32 

26 

21 

Curves. —Max. degree of curvature on 
main line— 




(a) For unlimited speeds 

5°-0' 

8“-0' 

10°-0' 

(6) Under any circumstances .. 

lO'^-O' 

16-0' 

48°-0' 

Min. Radius— 




(a) Unlimited speed .. 

ft. 1146 

716 

573 

(6) Under any circumstances 

ft. .5:3 

368 

120 

Transition Approaches :— 

The length of transition curve for 
unrestricted speeds per degree of 




Curvature 

ft. 60 

30 

16 

Ballast. —Min. width at top 

ft. 11 

n 

6 

Min. depth below sleepers 

s" 

6" 

a" 

Sleepersp wooden —section 

10^ X 6^ 

X 

oc 

rx 4^ 

Min. Length 

ft. 9-0 

6'-0 

6'-0 

No. of sleepers per mile (Min.) 

1906 

1906 

• • 

No. of sleepers per mile (Usual) 

2112 

2112 

• • 

Max. distance apart centre to centre 

• • 

• • 

2'.9'' 

Min. distance apart in bridges when 




resting on Longitudinal girders 

H' 

n' 

• • 

Bails, —^Min. weight of Rail per yard 
for axle load of:— 

• tons cwt. 


12 0 

60 



13 10 

65 


• • 

16 2 

70 . 


• • 

17 0 

76 


• • 

18 12 

80 


• • 

20 8 

86 


• • 

22 12 

90 


• • 

24 14 

96 



26 18 

100 

• • 


Min. clearance of guard-rail for curves 




and level crossings 

2* 

2' 

its 

Min. depth of space for wheel flange 




from rail level 

ly 

ir 

ir ? 
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Max, and Min, Dimenaiona to he obaerved on all Broad, Meter and Narrow 
_ gange Railwa ya in India. —contd. 


Spacing of Tracks :— 

Mia. distance, centre to centre of 
tracks outside station limits 
OrgdienU in Stations :— 


Stxtion Buildings \— 

Mm. horizontal distance from centre 
tracks to any structure— 

(а) For rail level to I ft. ab< 
rail level 

(б) Except a platform, from rail le 
to 9'-6" above rail level 

Standard height, passenger platform 
above rail 

Alternative height, passenger platfor 
aboverail 


steeper than 

Min. distance of building from enc 
of passenger platforms 
Max. length of passenger platform ft. 
Min. length of passenger platforms 
Min. height above rail of roof in 
pavSSenger stations 


the lino 

Min. distance centres of passenger 
tracks 

Min. distance centres of other sidings 
Min. distance centres of siding.s for 
spare stock , 

Min. radius points and crossings 
Usual radius iioints and crossings 
Standard angles of crossings 1 in 
Standard lengths of tongue rails 
Water taa'c-'- —Minimum height, bottom 
of tank from rail 
Min. total tank capacity at any 
Station 


5'-6' 

3'-3r 

2'.6' 

•1 ft. 14 

3, 

e 

12 

12 

> 1 1 in 1,000 

e 

1 in 1,000 

1 in 400 

5'-6^ 

1 

4'.5'' 

• • 



6'-0^ 

i 2'-9'' 

1 

I'.i" 

v-v 

l-'4^ 

I'-O" 

I'.O' 

) S'-G" 

2'-0^ 

9 • 

1 in 7 

1 in 7 

t • 

24' 

24' 

18' 

600 

GOO 


400' 

400 


20' 

18' 


U'-6" 

12'-6^ 


20' 

20' 


15' 

15' 


13i' 

13i' 


12' 

12' 


660' 

330' 


800' 

600' 


6, 8^, 12 
12'-15' 

6|, 9h 12, 
9'-12' 

7, 10, 12 

25' 

20' 

15' 

1,000 gallons 1,000 gallons 

00 gallons 

to 12,500 

to 6,250 

to 3,125 

gallons. 

gallons. 

gallons. 
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lilax.t Min. Dimensions to be (^served on all Broad, Meter and Narrow 
gauge Railways in India —ooncld. 


Items. 

.5'-6" 

3'.3r 

2'-6^ 

Ashpits, etc. r— 


i 


Average depth of Ashpits in Station 
yards 

2'-6' 

3'-6^ 

• • 

Clear length at bottom of Ashpits .. 

65' 

50' 


Average depth of examining pits 
for Carriages and Wagons and of 
pits in running shed 

2'-6'' 

CO 

o 

3'-9'' 


Minimum quantity of ballast =*14 cubic feet per foot lineal of Kail way. 

Side-drains and catch water drains in all cases to vary according to circum¬ 
stances. 

In hard soil no lining will be required to the side-drains, and where required, 
the lining to vary according to the materials to bo obtained. 

Surface of the ballast to be drained carefully if retentive. 

Top ballast to be of such a size as to be capable of being passed in every 
position through a ring 2diameter. 

Bottom ballast to be capable of being passed in every position through a 
ring, 4^ diamter. 

Length of wooden sleepers should bo =Gxl*72 (G. =Gauge used) 

=9J ft. for the 5' Q" gauge. 

=6^-S'' for the metre gauge line. 

Weight of Rail per yard :— 

W=ll*5 VlTS- 

Where W=Weight of rail in lbs. per yard. 

L=Maximum load per axle in tons. 

S=distance centre to centre of sleepers in ft. usual 2'-6* 

Weight for weight, Bull-head and flat-bottom rails may be taken to be 
of oqual strength. 





4UJ: 






p. B. Rails. 

Distance A B varies from 

2r to ir 


B, Bail Sectiana, 


Flat Bottom Rails. 

Head. 

H. 

1 

Flang + Depth, 

F. 


6|'^ 

2ir 


2r 

sr 

! 2,v 

Gf*/ 

w 

6^ 

2f/ 


2r 

4r 

e> ^ 

4tV" 

21" 

4A" 

O T /f 

4r 

O 1 


•<3 1» 

**3 4 

ar 

ir 

3V 

ir 

31" 

ir 

3" 

ir 

2^" 

ir 

2r 


2r 

1 7 » 

2i^ 

in** 

*55 

2r 

ItV' 

ur 

ir 

nr 
























































I Mo. of B.S 

Section 

I of Bails. 



janmn Standard Fish Plate Sections —concld. 
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Expansion of rails. 

1. Proper allowance must bo made for expansion, according to temperature 
as follows:— 


Temp. 

1 Ins. 

ii 

Temp. 

100'’ 

0 


40° 

80'’ 

1 

Th 


20° 

60° 



0° 


The thermometer to be read in shade. 

Super- e levation. 

The Super-elevation of the outer rcail on a curve should correspond to the 
radius at every point. With circular curves this is impossible, but by using 
a transition curve it is possible to raise the outer rail gradually until the circular 
curve is reached, and the correct 8upcr-elevation is obtained for the circular 
curve. 


The followiny poinis should be always kepi in view :— 


1. The greatest elevation of outer rails on curves must not exceed 6^ un¬ 
less otherwise directed. 

2. The elevation of outer rails on curves must necessarily be adapted to 
Speed and other local conditions, with due regard to safety, comfort and economy 
of track maintenance for all classes of trains. 

3. The elevation on mountain grades should not exceed that required for 
26 miles per hour. 

4. The elevation must not be continued beyond the tangent point, but 
should decrease uniformly, along the easement curve from point of ^maximum 
curvature to tangent point. 

The centrifugal force C tons of a moving train is calculated by the following 
formula:— 

^ Weight of train in tons X square of velocity (ft. per sec.) 

L/—■ —— - ' -——^ —. 

32-2 X Radius of curve in ft. 

The Superelevation is calculated by the following formula:— 

GxVa. 


E = 


32*2 R. 

Where E = Super-elevation in inches. 

G = Gauge in inches. 

V s= Velocity in ft. per sec. 

R, = Radius of curve in feet. 

If the gauge is expressed in ft. and the velocity in miles 


formula becomes:— 


GxVa 


E = 


per hour, then the 


1*26 R. 
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TahU 0 / Superelevation of outer rails on curves for various Radii and speed 

2 ft. 6 in. gauge. 


Radius of curve. 

Speed of Train in Miles per Hour. 

10 

15 

20 

25 

30 

In chains. 

In feet, 


Super-< 

jlevation in 

inches. 


2 

132 

H 

• • 

a 

a a 

• • 

2i 

148i 

If 

3 

• 


« « 

n 

165 

H 

2| 

« 


« • 

n 

181i 

H 

2i 

« 


• • 

3 

198 

1 

2i 

• 


• • 


214i 

HI 

2| 

• • 


• • 

3i 

231 

1 

2 

• » 


ff t 

3i 

247i 

HI 

If 

• • 


^ 

4 

264 

i 

n 

3 


99 * 

4i 

280 i 

1 

n 

21 


• • 


297 

HI 

H 

2| 


• • 

4i 

313^ 

Hi 

n 

2| 


« • 

5 

330 

i 

n 

2f 


• « 


363 

•4 

To 

H 

2i 

•• 

• • 

() 

396 

i 

li 

2 

• • 

• • 

6^ 

429 


H*(T 


3 

• • 

7 

462 


1 

H- 

2i 

■ • 

8 

528 


i 

n 

2i 

• • 

9 

594 


f 


2i 

3 

10 

660 


11 

16 

u 


2| 

11 

726 

* * • 

t 

u 


2i 

12 

792 


rF 

1 

H 

H 

15 

990 


• • 

H 

H 

If 

20 

1320 



i 

1 

If 

25 

1650 


• 

i 

tI 

li 

30 

1980 


• 

• 

# 

I 

40 

2640 


• 

• 

i 

H 

50 

3300 

• * 

» • 

( 

j 

• • 

• 
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Table giving Super-elevation of Outer Rail on Curves for various Radii and speeds 

Gauge 3 feet 3|[ inch. 


Badius of Curves. 

Spbkd of Teain in Miles per Hour. 


10 

15 

20 

25 

1 

i 

30 

35 

In. chain. 

In ft. 


Super-elevation in 

r 

inches. 


3 

198 

If 

3 





3i 

2]4^ 

U 

2f 

• • 




H 

231 

U 


• • 




H 

247i 

U 

2i 





4 

264 

1 

H 

4 





280i 

1 

2f 

H 





297 

1- 

2 

H 




4| 

313i 

f 

2 





6 

330 

f 

1 7 

•Ilf 

H 




6^ 

363 

1 

If 

3 




6 

396 

f 

li 

2f 

H 




429 

f 

U 


4 


• • 

7 

462 

f 

If 

21 

3| 

• • 


8 

528 


4 

2 

H 

• • 

• • 

9 

594 


1 

1| 

2| 

4 

.. 

10 

660 


1 

If 

2f 

3| 


11 

726 

• • 

1 

n 

2f 

H 


12 

792 

.. 

I 

If 

2f 

3 

4 

15 

990 

' 

f 

If 

If 

2f 

H 

20 

1320 



i 

4 

If 

2f 

25 

1650 


• * 

1 

1 

4 

2 

30 

1980 


• • 

1 

f 

4 

4 

40 

2640 


• • 

• • 

f 

1 

4 

60 

3300 


• • 

• • 

f 

f 

1 

60 . 

3960 


• • 

• • 

• • 

f 

f 

80 

6280 


• • 

• • 

• • 

f 

f 

100 

6600 

• • 

• • 

• • 

• • 

• • 

f 













Tabu of 8nper.eUmtion of Outer Bail on Curves for various Radii and speeds. 

Gauge 5' — 6 '. 


Radius of 
Curves. 


_Speed of Train in Miles pee Hour. 

^0 25 30 35 40 45 50 60 


In 

Chains. In ft. 


Super-elevation in inches. 


396 

429 

462 

528 

594 

660 

720 

792 

990 

1320 

1650 

1980 

2640 

3300 

3960 

5280 


• 

• « 

1 

I 

• 

4 

• • 

1 . • 

1 .. 

3^ 

• • 

.. 

! H 

• . 


1 2f 

4| 


: 2^ 

4 


1 2i 

3| 


1 H 

2f 

4f 

! If 

2f 

3f 

If 

H 

2f 

7 ' 

‘ 8 1 

H ! 


1 : 

If ' 

If 

4 ! 

1 


If 

1 

* * ( 

f ! 

1 

1 

• • 1 

f 

f 


• • 1 

I 

1 

1 • • 

*' ! 


1 •• 

1 

■ • 1 

« • 



■ • 


1 

H 



3f 

4f 


2|- 

3.? 


2f 

2i 

3f 

H 

2f 

H 

If 

If 

2f 

1 

If 

If 

f 

If 

If 

1 

f 

If 

f 

i 

f 


Bail Bending :— 


3*C2 


Where V=Versine jn inches. 

C=Length of rail in feet. 

R=Ra^us in feet. 

Example C=24 feet R=l,274 find V. 

3x24x24 inches. 

2x1,274 

The following table can also be used for finding the radius of curves and 
for checking the curvature of curves. A table to suit any particular radius 
not given in the following may be calculated by simple proportion. 
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Tabu of Rail Bendings. 


Degree of 
curve. 

Radius of 
curve in 
feet. 

Length of Rails in feet. 

36' 

30' 

28' 

24' 

23' 

20' 




Middle ordinates in feet. 


0-5 

11460 

•0148 

•010 

•008 

*()C6 

•0049 

*004 

ro 

5730 

*0296 

•020 

*016 

•oil 

•010 

•008 

Ti) 

3820 

*043 

•029 

•026 

*018 

•017 

*013 

2-0 

2866 

*('592 

*038 

•034 

*025 

•023 

*017 

2 6 

2292 

*074 

*049 

•(’43 

*(31 

•029 

•022 

3*0 

1910 

*087 

•068 

•(,61 

*(37 

•( 34 

*026 

35 

1637 

*1036 

•070 

*061 

•043 

*040 

*031 

4-0 

1433 

•116 

*079 

•069 

*(60 

•046 

■036 

4T) 

1274 

*133 

*088 

*077 

•066 

•061 

*039 

5*0 

1146 

•148 

(99 

•086 

•( 63 

•068 

*044 

5-6 

1042 

•163 

*108 

■094 

*070 

066 

•048 

60 

955*4 

*174 

•117 

*102 

■076 

*070 

•052 

6-6 

882*0 

*191 

*128 

•112 

•082 

•076 

•057 

7-0 

819*0 

*207 

*137 

*120 

*0S8 

•081 

*061 

7 5 

764-5 

*221 

*146 

*127 

•004 

■086 

*066 

80 

716*8 

•232 

■168 

*187 

•100 

•092 

•070 

8 5 

674*6 

•261 

*166 

•146 

*106 

■098 

•074 

9-0 

637*3 

*266 

•175 

•163 

112 

•103 

*078 

9-5 

603*8 

*281 

•187 

*163 

•119 

•no 

*083 

10-0 

673*7 

•296 

•196 

*171 

•125 

*116 

*087 

11-0 

621*7 

*326 

216 

*188 

•139 

*128 

*096 

-12-0 

478*3 

*365 

*236 

•206 

•161 

*139 

*106 

130 

441*7 

*384 

•264 

•222 

*163 

•160 

*113 

14’0 

410*3 

•413 

*276 

*239 

*176 

*161 

122 

15-0 

383*1 

*442 

•296 

•257 

•188 

•173 

*131 

16-0 

369*3 

*464 

313 

•273 

•200 

*186 

•139 

17-0 

338*3 

•502 

*333 

•290 

•213 

•196 

*148 

18 0 

319*6 

*630 

•351 

•306 

•226 

*207 

*166 

190 

302*9 

•662 

*371 

•324 

•38 

*219 

•165 

20-0 

287-9 

*690 

■392 

•341 

•260 

•231 

*174 

210 

. 274*4 

*618 

*410 

*367 

•262 

•242 

•182 

22*0 j 

262*0 

*647 

•430 

*375 

*276 

•264 

•191 
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RAILWAY CURVES. 


Transition Curves — 

On the straight both linos of railway track are laid at the same level. On a 

WV2 

curve, however, the train is acted on by a horizontal centrifugal force of ■ ^ ^— 
in addition to the vertical weight W. 

The resultant of these forces should bo at right angles to the line joining the 
tops of the rails in cross-soction and this makes it necessary to place the outer 
rail on the curve higher than the inner one. 

The difference of level is called the super-elevation of the outer rail and is 
given by the formula :— 

(G-f-W)xV2 
E = - 

g K 

Where— 

E=super-elevation in inches 
V = velocity in ft. per second 
W = width of rai 1 
G=gaugo of railway in inches 
R=Radius of curve in ft 
g—.32*2 ft. per see. per second. 

If we pass directly from the straight to the circular arc we must begin to give 
this super-elevation wliile still on the straight, causing the train to lurch inwards. 
The full superelevation is not attained until some distance beyond the start 
of the curve, so that on entering the latter, there is a tendency to lurch outwards 
causing shaking and uneasy running. 

To overcome this, it is the practice to introduce transition curves or spirals 
between the two. These start with a radius approaching infinity on joining the 
straight, while at the junction with the circular arc, the radius of curvature is the 
same as that of the arc. 


Length of Transition Curves— • 

The principles, on which the length of *a transition curve should be found, 
have been laid down by Mr. W. H. Shortt in the proceedings of the Institution of 
Oivil Engineers. 

V2 

The radial acceleration on the curve is—^ • Now Mr. Shortt considers that 

this for perfectly easy running, should be acquired at a rate not exceeding 1 
foot per second per second. 





Length of Transition Curves in feet per degree of curvature of circular 
curve:— 


Standard. 

Metre. 

Narrow. 

For lines with unrestricted speed 

100 

35 

• « 

For lines passed for traffic up to 30 miles per hour 

35 

20 

0 0 

HjH hues, or others passed for 20 miles an hour 

15 

12 

6 

„ » 15 miles per hour 

• • 

3 

2 

f» »f 10 • • 

t 0 

2 i 

1 

Standard gauge^ 2 degree curve at 50 miles per 

hOUf • • • ■ mm 

188 

0 * 

0 • 

Standard gauge 8 degree curve at 20 miles 

per hour 

t 0 

125 

m 0 

Metre gauge, 4 degree curve 30 miles per hour 

0 0 

88 

0 • 

Metre gauge, 16 degree curve at 15 miles per 

hour .. .• .. 

• 0 

0 0 

50 

2' - 6 " gauge, 48 degree curve 15 miles per hour 

1 0 

0 0 

62J 

These figures are obtained by multiplying the 

Super-elevation 

by 25 to 

50 as the case may be. 

Table of Elevation of Outer Rails on Curves. 




Rats op Speed in Miles Per Hour. 


Degree of 
curvature. 

15 , 

20 

25 

30 j 

35 

40 

45 

50 

60 

Superelevation in inches. 

1 “ 

i 


7 

Th 

T^V 

H 

liV 

HVr 


2 | 

2 “ 

rV 

k 

tI 


i| 

2| 

21^ 

3tV 

4| 

3“ 

tV 

1 » 

If 

li 

2tV 

3| 

4 

411 


4“ 


IrV 

u 

2 | 

3i 

4tV 

5tV 

61 


5® 

1 

IrV 

2tV 

3 

4 

5i 

tHi 



6 ® 

i 

It**^ 

2tV 



6 | 

0 0 



70 

ItV 

HI 

2 | 

4| 

5| 


0 0 



8® 

If 

2| 

3tV 


6 i 


• • 



9® 

ItV 

2} 

3U 

5t6 



• • 



10 ® 

u 

2 | 




* 00 




12 ® 

li 

3i 

Hi 

71 



• 0 



15® 

2A 



• « 



• 0 



18® 

21 

iU 

• « 

0 0 



0 0 



20 ® 

2H 

5i 

0 0 

0 0 

0 0 


0 0 


• 0 

Standard 
chord.. " 

■ 


■ 





■ 

79-35 


middle ordinate=proper elevation. 


















If Lss length of curve 

t=tin]e taken to pass over it 

L v* 

ts=~ and t==—-p > according to the abovo 


rule. 



Max. super-elevation=7"' and W=2|', we get on 
guage. 

7= 67^ X v8 v2 =Rx3-34 

32-2 >^R , 

L=VR X(3*34r 

This gives minimum length for max. super elevation 
of r. 

In practice L = \/R for circular curves of less than 
57 chains. 

Ideal Curve .—The super-elevation should be propor¬ 
tional to distance from starting point, so that the rail 
can be raised at a regular rate. But we have seen 
that it is inversely proportional to the radius of curva¬ 
ture, hence in the ideal curve the radius of curvature 
should be proportional inversely to the distance from 
starting point of transition curve or pA.=C whore p=radius of curvature, A. 
^distance from starting point. This is accurately satisfied in Crandall’s curve 
and in Glover’s spiral the equation of which is \ =m -y/where 0 =angle between 
the straight and the tangent to the curve at a point whose distance from tho 
start (measured round tho curve) is X, 

Glover’s spiral— 

_ _d\ 

dij, ■ ■ 

m mm m2 

But at the finishing point A of junction with the circular arc 
p=r and A=B. 

m’^ 

*’* 

which gives value of m when r and L are known. 

(2) Transition curve (cubic parabola) {Molesworth). 

R=Radius of orginal curve. 

E=Elevation of the outer rail. 

L=Length of transition on each side of tho origins, angent point 
=200 E; 

S =Shift of altered curve=£'■* -j-OR. 
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Y=Offset to transition curve. 

=x3S-t- 2L3=|^ S where x=L 
Y=4Sif x=2L. 

Speaking broadly, it may be said that it is only on curves of large radius that 
there is any great need for a transition curve : as these curves are associated with 
high speeds. 

Points and Grossings. 

Points or switches are the mechanical appliances by moans of which a vehicle 
or a train is maintained on one line of rails at a junction or is diverted on to 
another line of rails. 

A crossing, separated from the switch by a portion of straight or curved 
rail is the arrangement which permits of a wheel and flange passing across one or 
more rails which go to constitute one or more lines of railway. 

The distance from the switch to the crossings is measured from the heel of 
the switch and not from the tongue. 

Junctions (single ).—Tho simplest form of junction is where a single branch 
line leaves one which is straight. 

A radius commonly employed for such junction when used as a siding or cross¬ 
over road i.s (102 ft 


R= Radius of curve of outside rail 
G=guago of railway, 
a° = angle of crossing, 

X =R. —G. 


L =Length from tangent point of 
curve to ctmtro of cro.ssing, 

1 =longth from tangent point to 
iiool of switch 


Then G=7.r-1*7'' 

0 

Sin andR=vT— 

K, Versmc a 


Curve Punning from Peverse Curve. 



Let R= Radius of inside rail of main 


curve, 

r=Radiua of outside rail of 
branch curve, 

G=:guage of railway, 

L=Length from tangent point 
of curve to centre of 
crossing, 

w—Distance from centre to 
centre of radii, 

M=Distance from point of 
crossing to nose as made, 
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Then w=Z-)-Y=(R-fr)—G. 
and Z2-.y2=R2-.r 2 

(Z-hy) (Z-y) -R2-r 2 

R«r 


w 

i.e. w(z--y) = R2—r® 

Z=w—yasy if R=*r 

from these equations we can find Z andy 
Then L=\/(72-^^y^=.v'(^-Z2j 

Sin a“= — sin b“ 

r R 

angle of crossing = a°+b'’ 

SIMPLE RULES. 

(1) To set out a curve by offsets:— 

Full offset for a chord of one chain of 66 ft. = 

100 foet=^-^^-^P- 
R 


Ditto ditto ditto 

Ex. ;—Let R. =:1,273‘2 and chord = 100. 
Then offset- 


1,273-2 


,7-8.^. =7'10r. 


(2) To find the radius of a curve R= 


15,000 


Where V = Versinc in inches. 

Approximate cost of one mile of Permanent Way 75 lbs. F.F. with bearing 
plates on deodar sleepers, Rs. 

117*86 tons Kails at Rs.lSO per ton .. ..= 17,680 

6‘13 tons fish plates at Ks. 180 per ton .. ..= 1,103 

1*46 tons fish bolts with nuts and washers at Rs. 400 

per ton .. .. .. .. = 584 

3*58 tons dog spikes at Rs. 300 per ton .. ..= 1,074 

19-64 tons bearing plates at Rs. 280 per ton ..= 5,499 

2,000 deodar sleepers at Rs- 8 each .. ,. = 16,000 

40,940 

Say Rs. 41,000 per mile. 
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Table of Corresponding Or arks. 


Grade 

Grade 

JTeet 

1 

Ansfle. 

1 in. 

per cent. 

per mile. 


Q tf 

1 in 1,000 

Too’ 

5'28 

0 

3 26 

1 in 950 

•105 

5-56 

0 

3 37 

1 in 900 

•111 

5-86 

0 

3 49 

1 in 850 

•118 

6-21 

0 

4 3 

1 in 800 

•125 

6-60 

0 

4 18 

1 in 750 

•133 

7 04 

0 

4 35 

1 in 700 

•143 

7-54 

.0 

4 55 

1 in 650 

•154 

8-12 

0 

5 17 

1 in 600 

•167 

8-80 

0 

5 44 

1 in 550 

•182 

9-60 

0 

6 15 

1 in 500 

•200 

10-56 

0 

6 53 

1 in 450 

•222 

11-73 

0 

7 38 

1 in 400 

•250 

13-20 

0 

8 36 

1 in 350 

•286 

15-09 

0 

9 49 

1 in 300 

•333 

17-60 

0 

11 27 

1 in 250 

•400 

21*12 

0 

13 45 

1 in 200 

•500 

26-40 


17 11 

1 in 150 

•660 

35-20 

! 0 

22 55 

1 in 125 

•800 

42-24 

i 0 

27 30 

1 in 100 

1-000 

62-80 1 

0 

34 23 

1 in 90 

1-111 

66-67 

1 0 

38 12 

1 in 80 

1-250 

66-00 

0 

42 58 

1 in 70 

1‘429 

75-43 

0 

49 7 

1 in 60 

1-666 

88-00 

0 

57 17 

1 in 50 

2-000 

105-60 

1 

8 45 

) in 48 

2-083 

iio-o 

1 

11 37 

1 in 46 

2174 

114-78 

1 

14 43 

1 in 44 

2272 

120-(K) 

1 

18 7 

1 in 42 

2-381 

125-71 

1 

21 50 

1 in 40 

2-500 

132-00 

1 

25 55 

1 in 39 

2-564 

135-38 

1 

28 8 

1 in 38 

2-632 

138-95 

1 

30 27 

1 in 37 

2-703 

142-70 

1 

32 53 

1 in 36 

2-778 

146-67 

1 

35 28 

1 in 35 

2-857 

150-86 

1 

38 12 

1 in 34 

2-941 

155-29 

1 

41 5 

1 in 33 

3-030 

160-00 

1 

44 9 

1 in 32 

3125 

165-00 

1 

47 34 

1 in 31 

3-226 

170-32 

1 

60 51 

1 in 30 

3*333 

176-tO 

1 

54 33 

1 in 25 

4-000 

211-20 

2 

17 26 

1 in 20 

5-000 

264-00 1 

2 

51 45 



415 


EARTH WORK. 


AJ( Gxca^Uot) 


Second eoie 

Pait digging and 
part Ailing 

|| f iW+id' fT {h- 'i> 

I Areae \ 

( +2»<W)* 



Third cast 
All Bank 


(T (fc+<l)+ 2 fi{li+ft)* 
Aifrsi— i /Fig. E P M I \ 
( "“V Bd—«<i» i 


tm$e 

All digging .rttk 

i-w# Tam* poiha J 


I 


)\ B 1 4CK->BeiU 
out ai kalghl h 
from bed 


} 
M 


Area 
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Arms of side slopes per foot length. 
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Areas of side slopes per foot length —oontd. 


ja 

% 

0) 

Q 



Slopes. 



Depth, ft. 

Slopes. 

• 

o 

■H|e» 

1 tol. 

o 

4a 

•Hie) 

2 to 1. 

3 to 1. 

• 

pH 

o 

4a 

He) 

1 to 1. 


■ 

tHI 

o 

-ta 

CO 

6-S 

23*8 

47-e 

71-4 

95-2 

1 142-g 

iBlE 

62-C 

104-C 

156-01 208-C 

312-0 

7-0 

24-5 


73*5 

98-0 

ESQ 

*3 

53-5 

106*1 

159-1: 212-2 

318*3 

•1 

26-2 


75*6 


151-2 

‘4 

54-1 

108*2 

162-3! 216-4 

324-6 

•2 

25*9 

51*8 

77*7 


155-5 

•5 

55*] 

110-2 

165-3 

220-4 

330-6 

•a 

26 -e 

63-3 

79*9 

mSm 

159-9 

-t 

56-2 

112-4 

.168-e 

224-8 

337-2 

*4 

27-4 

54-8 

82*1 

■■ 

164-3 

-7 

57*2 

114-5 

171-t 

229-0 

343-2 

*0 

28-1 

56-2 

84-3 

1 112-5 

1 168-71 -h 

58-3 

116-6 

174-91 233-2 

349-8 

•6 

28-9 

57-8 

86*4 

1 115-5 

173-3 

1 9 

59-4 

118-8 

178-2 237-6 

356-4 

•7 

29-6 

69*3 

88-9 

118-6 

177-9 

nm 

60-5 

121-0 

181*51 242*0 

363-0 

•8 

30-4 

60-9 

91*2 

121-7 

182-5 

-1 

61-6 

123-2 

184-8' 246-4 

1 

369-6 

m 

31*2 

62-4 

93-6 

124-8 

187-2 

-2 

62-7 

125-4 

188-l! 250-8 

376-2 

Ell 

32 0 

64 0 


128-0 

192-0 

-3 

63-8 

127-7 

191-5: 255-4 

383-0 

•1 

32*8 

65-6 

98-4 

131-2 

196-8 

*4 

65-0 

130-0 

195-Oi 260-0 

390-0 

•2 

33*6 

67-2 

100-8 

134-5 

mm 

-5 

66-1 

132-2 

198-3 

264-4 

396-6 

•3 

34*5 

68-9 


137-8 

206-7 

*6 

67-2 

134-5 

201-7 

269-0 

403-4 

*4 

35-3 

70-6 

105-8 

141-1 

211-7 

*7 

68-5 

137-0 

205-5 

274-0 

411 0 

•5 

36*1 

72-2 

108-4 

144-5 

216-7 

•8 

69-6 

139-2 

208-8 

278-4 

417-6 

•6 


74-0 

110-9 

147-9 

221-9 

-9 

70-8, 

141-6 

212-4 

283-2 

424-8 

•7 

38-0 

75-7 

113-5 

151-4 

227-1 

12-0 

72*Oi 

144-0 

216-0 

288-0 

432*0 

•8 

38-7 

77-4 

116-2 

155-0 

232-3 

-1 

73-2 

146-4 

219-6 

292*8 

439-2 

•9 

39-6 

79*2 

118-8 

158-4 

237-6 

-2 

74-4 

148-8 

223-2 

297-6 

446-4 

y-0 

40*5 



161-0 


-3 

75-6 

151-5 

226-9 

302-6 

453*8 

•1 

41-4 

82*8 

123-21 

165-6 

248-4 

V 

/6-9 

153-8 

230*7 

307-6 

461*4 

•2 

42*3 

84*6 

mm 

169-4 

253-9 

-5 

78-1 

156-2 

234-3 

312-4 

468-6 

•3 

43-2 

86-5 

m 

172-9 

• 

259-4 

•6 

79-4 

158*8 

238-2 

317-6 

476-4 

•4 

44*2 

88-4 

132-5 

176*7 

265*1 

-7 

80-6 

161-3 

241*9 

322-6 

483*8 

•5 

46-1 

mm 

135-4 


270*7 

-8 

81-9 

163-8 

245-7 

327-6 

491-4 

•61 

46*1 

92*2 

138-2 

184-3 

276*5 

*9 

83*2 

166-4 

249-6 

332-8 

499-2 

•7 


94-1 

141-1 

188-2 

282*3 

13-0 

84*5 

169-0 

253-5 

338-0 

507*0 

-8 



144-1 

192-1 

288-1 

*1 

85-8 

171-6 

257-4 

343*2 

514-8 

■9 



ItMl 



-2 

87*1 

174-2 

261-3 

348-4 

522*6 




BSfiil 



•3 

88-0 

176-9 

264-0 

352-0 

628-0 

•1 



153-1 

III 

in 

*4 

89-8 

179-6 

1 

269-4 

359-2 

538-8 










































418 


Artaa ofside slopes per foot length —ooacld. 


Slopes. I 43 I Slopes. 
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These earthwork tables are sufficiently accurate for all practical purposes, 
unless the heights H and h at each end of any length differ greatly, and in that 
case a correction for the slopes is necessary. Thus if C and c be the cubic contents 
of the slopes corresponding to H and h in the tables, then the true contents will 
be = a; ( C + c) 


H 

1 Values of x. 

50 

•5 






40 

•4959 

•5 





30 

•4804 

•4933 

•5 




20 

•4483 

•6767 

•4872 

•5 

1 


20 

•3973 

•4118 

•4333 

• 4667 

•5 


5 

•3663 

•3742 

•3870 

•4118 

•1667 

•5 

0 

•3333 

•3333 

•3333 

•3333 1 

•3333 

•3333 

Feet. 

^=s50 

o 

(i 

A=30 

o 

II 

A=10 

II 


On side long ground where the areas are taken out from cross sections. If A 
and a be the areas of one slope at each end respectively, the cubic contents of the 
slope aa y (A + a) 


JLA 

A 

then y 
a 

“a 


Table of values of y. 


■0 

•05 

•1 

•15 

333 

•404 

•429 

•445 

*4 

•45 

•5 

•6 

484 

00 

• 

•490 

•494 


•2 

•25 

•3 

•35 

•467 

•466 

•473 

•479 

•7 

•8 

•9 

1 * 

•497 

•499 

•4998 

•5 


Prismoidal Formula. 

C«iL(A + a + 4M) 

L s length of prism • 
c be oontents of prism 
A & a s area of ends of prism 

Example .—^To find the contents of a cutting whose longitudinal section 
and cross section is given below :— 




































I>epth. 



Cubic contents of 
side slopes 
= 100 X1865 
Area of side slope 
= 185400 


0 

14 
17 
20 

15 
10 

5 

0 


Total 186400 + 243000 =» 428400. 

Hoa<L skiflirig^idtT&t^grown^, 
B= width of base. 

A= area of section. 

^ — angle of ground 
with horizon. 

Y= angle of slope 
with horizon. 

A= B2 X K. 
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Area of 
side slope. 
, 0 
294 
434 
600 
338 
150 
38 
0 


Contents of central 
portions. 

81X30x100 
243000 = 


1864 




Depth. 

OH. 

14 
17 
20 

15 
10 

5 

0 h. 


81 



Angle of ground x. 


■0922 
•1123 
•1329 
•1543 
•1766 
•2 

•2262 

■25 

'2777 

•3067 

•3373 

•3703 

■4058 

•444 

•4864 

•5307 

•5807 

•6364 

•6983 

•7892 

•8488 


fcjlopes ot upwards sida. u 
1 to 2. I 3 to 4. 


•0967 

•119 

•1424 

•1672 

•1937 

•2222 

•2538 

•2857 

•3226 

•362 

•4068 

•4646 

•6091 

•5707 

•641 

•7226 

•8183 

•9346 

1-0729 

1-25 

1*476 


1 to J. 


3 to 2. 


•1016 

•107 

1 ——— -- 

•1199 

'1265 

•1351 

■1562 

•1533 

•1661 

•1992 

*1794 

•2008 

•2512 

•2145 

•2407 

•3164 

•25 

•2867 

•4009 

•2907 

•3389 

•5128 

■3342 

•4012 

•6702 

■3846 

•4761 

•909 

■4421 

•5676 

1*3123 

•5091 

'6830 

21551 

•6882 

'8333 


•6830 

1*0373 ! 


•7987 

1-3297 ! 


•9434 

1*7857 


1*1311 

2-6041 


1-386 



1-764 



2-316 

• • 

• » 

•' 1 

« « 

• • 

• • 

• • 
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Slopes;— 

Lengths and angles of slopes. 


Slope. 

Angle with 
horizon. 

Length 
(height taken 
as roo). 

Slope. 

Anglo with 
horizon. 

Length 
(height being 
1*00.) 

1 

D. 

M. 



D. 

M. 

! 1*802 

ito 1 

i 75 

56 

1*0307 

1^ to 1 

33 

42 


ito 1 

63 

26 

1*118 

1|- to 1 

29 

44 

2016 

1 to 1 

53 

•8 

1*25 

2 to 1 

26 

34 

2-236 

1 to 1 

45 

0 

1*4142 

3 to 1 

18 

26 

3*162 

lito 1 

38 

40 

1*6 

4 to 1 

14 

2 

4 124 


Tabu showing method of calculating Earthwork, 


No. of 1 

station. 1 

Depth at 
^ station. 

/ 

Mean 

depth. 

d 

Area of 
centre 
portion. 

Area of 
^ side 
slopes. 

Total. 

area. 

Bd 

-f- sd^ 

Distance 
^ between 
stations. 

Contents = 
area X 


Cut¬ 

ting. 

Embank¬ 

ment, 

Remarks 

38 

3*7 

• • 

• • 

• • 

• • 

• • 

• • 


B—30' 

39 

2*8 

3*3 

99 

22 

121 


« • 


8 —2 

40 

2*9 

2-9 

87 

17 



« * 

■nn 




J 1*5 

45 

5 

50 

57 

• • 

2850 


44 

—2*2 

1—11 

33 

2 

35 

43 

1505 



42 

—2*8 

—2-5 

75 

13 

88 

100 

8800; 



43 

—4*3 

—3*6 


26 

134 


13400 

• • 


44 

—0*2 

—2*3 


11 

80 


8000 

• i 




C-0*1 

3 

0 

3 

25 

75 

• • 


46 

2-7 

i 1*4 

42 

4 

46 

75 

• * 

3460 


46 

3*2 

3*0 

90 

18 



• • 

mmssm 




Total carried forward 

7r\ 

31780 

39600 



Hate of earthwork. 

If r =a initial rate per %o c. ft. of ordinary wortk. 
L s= mean lead in ft. 
d » mean lift in ft. 
then Rate — r+ *005 (L+lOd) 

Example :—Let r = Rs. 3 per c. ft. 

L =o 200 ft. 
d = 10 ft. 

then Rate - 3 + *006 (200 + 10 X10). 

>■ 4*5 i. e. Rs. 4-8 per o. ft. 
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ESTIMATING. 

Rules for ascertaining cost of carriage by coolies and carts ;— 

When any quantity of given weight or cubic contents (W) has to be moved 
to any distance (D) in feet by a succession of trips of a number of units of convey¬ 
ance, whose load in lbs. or cubic feet is (w), then the cost of the transport (W) 
will depend upon :— 

XorJL 
w 

T 
M 

{in) Z or the hire of a unit of conveyance'for a'working day. 

M=the number of minutes in a working day. 

T=thp time in minutes taken for a unit to make one trip to (D) and back. 
t=the time in minutes taken to I oad and unload a unit. 

S=saverage speed in feet per minute of a unit. 

N==the number of such trips mad^ in a working day. 


(»■) 


(it) Y or 


Then (i) T = -f t 

K = l=-. 


2D 


{Hi) Y = i 
M 


S 


M 

S 


+ t 


M 


Cost of transport =X xYxZ. 

Example 1. — What would be the cost of removing 100 c. ft. to 600 ft. if 
coolies cost 10 annas a day ? 

Cost of transport = X X Y X Z 

2 X600 




200 


+ J 


X 10 


i 600 
= 200 X.013X10 
= 2.6X10 
26 annas. 

= One rupee and 10 annas. .. » 

, Exampie 2.-rind cost of carryini? 20,000 bricks 3 milM m a cart hired at 
Es. 1-8.0 a day when a cart can carry 200 bricks in a trip at 100 feet m a minute. 
M=s9 hours and t=30 minutes. 

Cost of transport ~X xYxZ 


20 , 000 , 


2x3x5280 
100 


-f 30 


xU 


200 9x60 

= 100 X 346-81640 XH 
=R8. 96, 6 annas and 4 pies. 

will take 66 days for one cart to do the work or 13 carts will do in 
6 days but the coat will be a little more. It is better to engage 16 carts for 4 
days. 
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Fiat work, 

Barth .—The best earth to use should ram Well and firmly and not shrink 
excessively in drying. Pure clay and vegetable soils are unsuitable. Go^ 
bri k earth of a sandy clayey nature is best, a small admixture of kankar is usefd. 
The earth should be only just sufficiently wet to ensure its being rolled into big 
lumps. If the earth is too Wet it will shrink and crack. 

Shvitering .—The inside of the shutters must be Well rammed and kept in 
gauge. The shuttering consists of wooden frames 10 to 12 ft. long planks, 2^ 
ft. broad and 2* thick, held together by tie rods. 

SECTlOf^Of 

£Lev4 Tiohf 





C=E 



5icl€ BL(v<xCiQn 6Pr/£s 


Separate set of ties are necessary for different thickness of wall. The holes 
left by the withdrawal of the tie bars B are filled by sand and cement mortar. 

Con.'itriidim .—A set of shuttering is erected, great care being taken that the 
sides are vertical and rammed full in V or 5' layers. The shuttering is then moved 
about 8 ft. along the wall and the filling and ramming continued. Leave shut¬ 
tering over night. When working over an old course it is well to set the lower 
tie rod about 4^ into the same to give the shutters a firm hold on the old work. 

SPECIFICATIONS. 

Lime Concrete .— 

For ordinary foundations the concrete will consist of lime mortar and 
broken stone or well burnt brick ranging from to in size. 
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About 33 0 . ft. of dry lime is required for each 100 c. ft. of aggregate. About 
46 o.ft. of dry mortar (white lime^ 1 part and surhhi 2 parts), mixed with llSo.ft. 
of stone ballast gires 100 c. ft. of concrete. 

Concrete should only be mixed on specially constructed platforms in batches 
of not more than 26 c. ft. at a time. Ballast should be thoroughly soaked with 
water before the addition of mortar. Turn over 2 or 3 times ad^ng sufficient 
water to make a Wet, though not too sloppy mixture. Bam thoroughly with 12 
lbs. iron rammer until well consolidated. 

No lime concrete should be laid for at least an hour before ramming is stopped 
for the day. All concrete must be rammed in 6 in. layers and all newly laid 
concrete work must be well wateredfof 10 days after it has been consolidated. 
Lime Concrete over Jack Arching .— 

The aggregate shall be broken to f in. to ^in. gauge and the proportion of 
mortar increased by 10% ; 61 c. ft. of dry mortar =38 c. ft. of wet mortar. 

Brick Work.—Burnt Brick in Lime :— 

Before laying burnt brick in lime mortar all the bricks must be soaked in 
water for at least 8 hours. The joints should run all horizontal. Bricks are to 
be laid with the frogs upwards. No joint or bed shall exceed f in. in thickness. 
Temporary steps, left during construction must be raked back and not toothed. 

All buttresses and similar projections are to be built up course by course with 
the parent Wall. 

In ordinary brickwork, 33 c. ft. of dry mortar is required per 100 c. ft. of mas* 
onry. ^ 

Chimney ft .—Each fire-place must have a distinct flue to itself, which should 
never be finished less than 9 in. square, though 14* X T*' is a better size. When 
wood is intended to burn, allow 144 sq. ins. i. e., say 16 "'X 9*'. A chimney 
should be of uniform section throughout except over the centre of the fire¬ 
place where it should be reduced in area by about 30% to form a throat. 
When a fire-place projects into a room, the arch should be supported by a 
chimney bar, 2J*X in section, having a bearing of not less than 4^ in. on 
each jamb. 

All chimneys should be carried up with a minimum thickness of 4^ in. to a 
height of not less than 3 ft. above roof level. Flues should be carefully plastered 
as the work proceeds. The use of plaster should be avoided round the back and 
sides of a grate. 

Maecmry :—Stone masonry will, unless otherwise specified, be of the kind 
known as coursed rubble masonry. Every stone should be laid on its natural 
quarry bed. No oomse shall be less than 6 inches in height nor more than 12 
inches and the deeper courses are laid at the bottom of the wall. 

AU stones must be thoroughly soaked with water before being laid in the 
works. 

No stone should be used which is less than half a cubic foot in size. The bed 
of eaok stone must not be less than one and half times its height and at least 
half tile stones should tail into the wall twice their height. Stones must break 
joint by at least half the height of the course. 

Through bond stones will be inserted on each course at five feet intervals. 
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Dry Subbk Masonry :— 

Used for road work in hills. Retaining walls should be built in aooordanoe 
with the sections shown in Part II. Beep foundations are necessary. The stones 
will be roughly hammer dressed to secure the largest possible bedding surfaces. 
Bond stones will be provided in each course at intervals of 5 feet of the greatest 
length procurable, the minimum being 2 feet weep holes are required. Filling 
behind walls will consist of refuse or chips. The use of earth sho^d be avoided. 

Dlujji Waning:— 

It consists of a frame Work of timber filled in with masonry or brickwork, 
plastered on all interval surfaces and plastered or pointed on the outside. Total 
thickness 6 in. approx. The timber used shall be well seasoned. Damp-proof 
course is necessary. 

Having erected the framework, the vertical and horizontal members are 
firmly fastened together on both sides of all junctions with | in. diameter, irtm 
spikes ^ and the diagonal braces secured at their ends to these members with 
4 in. wire nails. 

The panels are then filled in with masonry or brickwork. Before plastering 
a wall, after completion of filling the framing should be covered with 4 in* mesh 
wire netting, nicked, or have nails driven into it to form a key for the plaster. 

Lime Pointing ,— 

Pointing should be done, in the case of burnt brick in lime as the brick 
work progresses. 

In the case of burnt brick in mud, all joints must be raked out to a depth of 
f in. and the face of the wall well washed down and watered before pointing is 
commenced. After pointing is finished, it must be kept wet for at least 6 days. 
Proportion 1 lime and 3 sand by volume. 

A superior class of work in conjunction with burnt brick in mud is known as 
Jibbi work, and consists of bedding the face brick to a depth of 2 in. in lime mor« 
tar and pointing carried out as in the case of burnt brick in lime. 

Lime Plaster :— 

The joints should be raked out to a depth of | in. to | in., the walls should 
be cleaned and well wetted before plastering. The plaster should be of pore 
kankar lime applied in a single coat not exceeding ^ in. Add 4 ozs. of hemp to 
every 100 sq. ft. of plaster. The plaster should be beaten with thin thapies to 
ensure good key with the wall and floated with straight edge to given even 
surface and finally rendered quite smooth, lime putty being added when necessary. 

All lime or cement plaster Vork must be kept wet for 10 days after comple¬ 
tion. 

Proportion, 1 lime and 2 sand by volume. 

Disten^ring. — 

For distempering, the walls shall be prepared and the distemper applied, 
in aooordanoe with the instructions given by the firm whose distemper is used. 
Distemper should only be applied in diy weather with a broad stiff brush, and 
each coat should be quite dry before applying the next. 
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The following directions apply to Hall’s distemper;— 

The package must be kept closed. To mix for use about a pint of water 
should be added to 5 lbs. of distemper. Use hot water if distemper is stiff, walls 
to be distempered require a preliminary coat of Olaireoolle, a mixture of ooncen* 
trated size or glue with whiting and a little alum. 

Floorn .— 

All floors (except earth) resting on the ground will be provided with a lime 
concrete foundation laid over a minimum thickness of 4 in. of sand. 

Conglomerate Flooring :— 

A very successful kind of floor is made of stone pebble, sand and cement all 
laid in situ. The proportions are as follows:— 

Stone pebble (clean from river bed) to pass through a mesh of 
J in. or 16 meshes to the square inch .. .. .. 4 parts. 

Sand, coarse gravel, to be perfectly free from clay, and when put in 
a glass of water, the water should present perfectly transparent appear¬ 
ance .. .. .. .. ,, ,, 2,, 

Portland Cement, best English, fresh .. . - .. 1 part. 

The mixtui’e to be laid in squares of say 0' X 3' or 6'x the divisions being 
secured by thin flat bar, iron 2" X and immediately rammed and smoothed 
but not plastered. 

The flooring is 2* thick, laid on ordinarylime concrete—3'' to 6^^ thick. 

Immediately after the mixture is laid, the iron bars should be slightly shaken 
so that the mixture can get room to shrink. On the next day the bar should be 
taken out and the j oints to be filled with pure cement and sand (in proportion 
of I tol). The surface to be covered with 3^ of water which should bo replenished 
daily so that the entire floor is under water for not less than a fortnight. This 
will make a hard, and smooth floor, peculiarly fitted for Hospitals. 

The secret of the success of this floor lies in— 

(а) The purity and freedom of pebble and sand from clay. 

(б) The quality of cement. 

(c) The day’s work to be finished with a complete slab. 

(d) Plenty of room for shrinkage. 

On no account is the cement ooncrete surface to be plastered. If a coloured 
surface is required, it will be obtained by using a suitable colouring matter. 

Roofing—Jack Arching.-^ 

The span varies from 4 to 6 ft. with a curvature of 60 degrees and shall consist 
of single 4| in. rings, laid on edge with all joints radiating from the centre. The 
bricks forming the springing course must be specially moulded to fit the joists 
and laid in cement mortar. The joists will be cased in fine cement concrete 
with a minimum thickness of 1 in. of concrete over the upper flange and then 
the haunches will be filled and the arching covered to a depth of in. over 
the crown. The end arch of a series of jack arches in a roof springing from 
an unsupported outer wall wiU be supported by a S''X S'^Xf" angle iron bedded 
in the wall and tied to the first joist by fin. diam-tie rods spaced about 5 ft. 
apart. * At leaet 3 complete lines of centerings will always be in use, so that 
aaoh arch under construction will have the two preceding one still supported on 
oenterings. 
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AUahahad Tiling ,—Roof slope 2 to 1. Tiles must be thoroughly burnt. A 
dry tile shall not absorb more than |th of its weight when immersed in water for 
24 hours. May be single or double. 

Mangalore Tiling.—^Thie type of roof .should never be pitched at an angle of 
less than 30**. Each tile covers 12^ X 8*, 150 tiles are required for 1(^ sq. 
ft. of roofing and weigh 4 tons approx. 


QUANTITIES. 


1 . Excavation in hard rook requiring blasting including removal to a distance 

of 150 ft. ;— 

Labour for 1,000 o. ft. 


Material for 1000 o. ft. 

Blasting powder lbs. 30 

Fuse coils No. 10 

Charcoal lbs. 6o 


Excavation, Miners .. No. 16 

Excavation, coolies . • No. 18 

Removing spoil, coolies .. No. 4 

Mate .. No. 2 

2. Reinforced concrete 1:2:4 Aggregate J in. broken stone for lintels includ¬ 
ing reinforcement and forms, etc :— 


Material for 100 o. ft. 


Labour for 100 c. ft. 


^ in. ballast 
Sand 
Cement 
Round iron 


c. ft. 88 

Mason 

. No. i 

c. ft. 44 

Coolies for measuring 

. No. 1 

c. ft. 22 

Coolies for mixing 

. No. 3 

cwt. 3 

Coolies for carrying 

. No. 3 


Coolies for ramming 

. No. 3 


Bahishti 

. No. 1 


Mate 

. No. i 


3. Lime Concrete in Foundation pavements. 

Material for 100 c. ft. Labour for 100 o. ft. 

Ballast, 11 in. .. o. ft. 110 Mason .. No. 

Lime .. c. ft. 16 Coolies for measuring material No. 1 

Surkhi .. c. ft. 24 Coolies for mixing .. No. 3 

Coolies for carrying .. No. 3 

Coolies for ramming .. No. 3 

Bahishti .. No. 1 

Mate .. No. ^ 


4. Lime Concrete walls including erection of casing but not its cost, exposed 
faces to be worked smooth diuing the progress of the work by the 

addition of fine material. 


Material for 100 c. ft. 

Lime screened o. ft. 4 

Surkhi screened c. ft. 6 


Labour for 100 c. ft. 

Masons ,. No. 1J 

Coolies .. No. 14 

Bahishti .. No. 1 

Mate .. No. I 
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5. Lime concrete walls 1 in. lime stone metal in moulded blocks including plas* 
tering on one face: proportion of ingredients 1 : ; 11; 

including cost of forms. 


Material for 100 c, ft. 

1 in. ballast .. c. ft. 110 

Lime slaked .. c. ft. 10 

Surkhi .. c. ft. 15 

For joints;—^Lime screened.. c. ft. 8 
Surkhi screened c. ft. 12 
For plastering:—Lime .. c. ft. 2 
Surkhi .. c. ft. .3 


Labour for 100 c. ft. 
Masons 
Coolies 
Bahishtis 
Mate 


No. 3J 
,. No. 19 
.. No. li 
.. No. 1 


6. Ist Class brickwork in lime mortar, arch work. 


Material for 100 c, ft. 

Ist class bricks .. No. I6C>0 

Lime .. c. ft. 10 

Surkhi .. c. ft. 24 


Labour for 100 c. ft. 
Brick-layers 
Coolies 
Bahishti 
Mistri 


.. No. 9 
.. No. 6 
.. No. i 
.. No. i 


7. Ashlar masonry work in lime mortar all bed joints and faces tooled. 


Material for 100 c. ft. 

Stones not less than 2'X I'X 1 in. 

size .. c. ft. 100 

Lime slaked and screened .. e. ft. 8 
Sand or surkhi .. c. ft. 12 

Charcoal .. lbs. 20 


Labour for 100 c. ft. 


Masons for dressing .. No. 46 

Masons for laying .. No. 4 

Coolies .. No. 9 

Bahishti .. No. ^ 

Blacksmith .. No. 2 

Bellow-boys .. No. 2 


8. Coursed rubble masonry in lime mortar in superstructure faces chisel-dres¬ 
sed. 


Material for 100 c. ft. 


Bond stones 
Quarry stones 
Lime slaked 
Surkhi 
Charcoal 
Steel 


.. No. 36 
.. c. ft. 150 
.. c. ft. 12 
.. c. ft. 18 
.. lbs. 20 
.. lbs. 2 


Labour for 100 c. ft. 


Dressing masons 

.. No. 8 

Laying masons 

No. 4 

Coolies 

.. No. 8 

Bahishti 

.. No. ^ 

Blacksmith 

.. No. 1 

Bellow-boy 

.. No. 1 


9. 1 in. Portland cement flooring (prop ion 1 ; 2 : 4) on 3 in. lime concrete 


Material for 100 s. ft. 

X 4 ine concrete • • c. ft. 25 

I' in. stone metal . • c. ft. 7 

Sand • • c. ft. 8J- 

Cement •' c. it. 1 *7 


Labour for 100 s. ft. 

Masons . • No. 2^ 

Coolies .. No. 4 

Bahi.shti . • No. i 
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10. 1st olass flat brick flooring on 3* in. lime concrete excluding pointing 

Materia] for 100 s. ft. Labour for 100 s. ft. 

Lime concrete .. c. ft. 26| Briok>layer .. No. 1 

Bricks ..No. 360 CSoolies .. No. 2 

Lime slaked and screened .. c. ft. 4 Bahishti .. No. i 

Surkhi .. c. ft. 6 

11. 1st class biick-on-edge flooring set in lime over 3 in. lime concrete 

excluding pointing. 

Material for 100 s. ft. Labour for 100 s. ft. 


Lime concrete 

.. c. ft. 25 

Brick-layer 

No. i 

Bricks 

.. No. 470 

Coolies 

No. 3 

Lime screened 

.. c. ft. 6 

Bahishti 

No. i 

Surkhi 

.. 0. ft. 9 



12. i in. lime and surkhi plaster on brickwork. 


Material for 100 s. ft. 

Labour for 100 s. ft. 


Lime 

.. c. ft. 2^ 

1 Masons 

No. li 

Surkhi 

.. a ft. 4 

1 Coolies 

No. 24 



1 Bahishti 

No. xV 

13. in. Portland cement plaster 1 : 

2 on brickwork. 


Material for 100 s. ft. 

Labour for 100 s. ft. 


Cement 

c. ft. 2*3 

Coolies 

No. 24 

Sand 

c. ft. 4*6 

Masons 

No. 14 



Bahishti 

No. tV 

14. 

Leeping outer walls and roofs. 



Material for 100 s. ft. 


Labour for 100 s. ft. 


Soft earth 
Cow-dung 
Sand 


c. ft. 1 
0. ft. 1*2 
c. ft. 0*25 


Coolies 

Bahishti 


15. 


Portland cement pointing 1 :1 on brick>on-edge floor. 
Material for 100 s. ft» Labour for 100 s. ft. 


No. i 
No. iV 


Cement 

Sand 

16. 


0. ft. i 
c. ft. I 


Mason 

Coolies 


No. 

No. 


Lime pointing on brickwork. 

Material for 100 sq. ft. Labour for 100 s. ft. 


Lime mortar 


c. ft. 2^ 


Mason 

Coolies 


No. 1 
No. 2 
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17. Bhajji Walling Framework, 5 ins. thick with mud plaster 2 side. 


Materials for 100 c. ft. 

Labour for 100 c. ft. 


Deodar wood .. c. ft. 10 

Nails, etc. 

Stones .. 0 . ft. 40 

Sundries 

Carpenters 

Mason 

Coolies 

Women and boys 

Bahishti 

.. No. 2 
.. „ 1 
.. » 2 
• • »» 3 

.. n 4 

18. 

bricks 


Materials for 1000 Bricks. 

Labour for 1000 Bricks 

No. 


Fire-wood .. 14 Mds. Moulders 1 

Coolies for digging, pugging 

and carrying earth, etc. 2 

Women and boys for carrying 

and stacking dried bricks .. 3 

Bahishtis .. ^ 

Coolies for loading kiln .. 1 

Women for loading kiln .. 2 

Coolies for bring .. 1 

Coolies for unloading 
and stacking .. 1 

19. Reinforced brickwork 1 layer of bricks on edge. 

Materials for 100 sq. ft. Labour for 100 sq. ft. No. 


Rough planks for center¬ 
ing sq. ft. 12( 

Bricks or wedges under cross 
beams .. No. 12 

Earth and sand for top 

dressing ,. c. ft. 16| 

fin. round iron bars .. cwt. 1 

Bricks delivered at site .. No. 470 

Cement .. c. ft. 4| 

Sand .. „ 13 


Masons for preparing centering 
Carpenters for preparing center¬ 
ing .. 1 

Masons for laying .. 3 

Masons for removing centering, 
patching up voids, making 
good damage to walls, etc. .. J 

Coolies to help in above .. 14 

Blacksmith .. 1 

Bahishti ^ .. 1 

Mistri .. 1 
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USEFUL RECIPES. 


Protecting wood from white ants :— 

(i) Arsenio •. 1 seor. 

Country soap .. 4 seers. 

Corrosive sublimate .. 4 

Turpentine .. 4 seers. 

Water • • 20 seers. 

Grind fine arsenio and corrosive sublimate. Mix with the remaining articles 
and boil for 4 hours. Cool and it is ready for uae. If thick mix more water. Apply 
with brush. Corrosive sublimate is an efieotual poison to them. 

(ii) Copper sulphate one seer and water 10 seers. Mix well. Dip the re* 
quired piece of wood from 4 to 8 days. 

Repairing Cracks in Terraced Roofi — 

(1) Linseed oil • • 2 seers. 

Rosin • • 2 „ 

Pumice stone or fine sand .. 1 seer. 

Boil the oil and mix the rosin well and then mix the pumice stone. Fill the 
cracks with this mixture while hot and smooth over surface. 

(2) Linseed oil • • i seer. 

Rosin * * ® seers. 

Pumice stone or fine sand .. i seer. 

Heat the rosin in an iron pot and mix with oil. When the rosin is melted, 
mix the powdered Pumice stone or fine sand. Apply to cracks whtm hot. 

_Stretch a piece of cord ^ in. thick on all the four sides of cracks leaving 

2 in. space so that the mixture may not spread on the whole roof. 

(3) In case the cracks are big, use the following ;— 

Asphalt ' • 20 seers. 

Coal-tar • • H seer. 

Sand • • ® seers. 

Boil all together. Clean the cracks and till the cracks with the mixture. 

(4) To fill in fine hair cracks in new roofs. Mix cement, cow dung and sand in 
equal proportions and spread on roofs in thin condition. It will take 2 days to set. 

Recipe for Colouring Bricks or Tiles ; -r.. -r. , 

(1) For Dark Red Bricks. (2) For Blue Bricks. 

Turpentine .. 1 pt. 

Linseed oil .. 1 pt. 

Litharge .. ^ oz. 

French ultramarine .. 1 lb. 

(4) For Grey Bricks. 

White lead .. 8 ozs. 

Litharge .. I oz. 

Manganese .. 1 oz. 

Linseed oil (boiled) .. 2 ozs. 

Turpentine . • 4 .. 

Mix well together and use as under :-- 

Pour half the mixture in a vessel in winch the brick can be dipped easily. 
Heat the bricks one by one and dip in the solution, then dry. 


Turpentine 
Linseed oil 
Litharge 
Indian Rod 

(3) For Black Bricks. 

Litharge 
Manganese 
Linseed oil (boiled) 
Turpentine 


l^pt. 
ijpt. 
i oz. 

\ oz. 


2 ozs. 
6 ozs. 
4 ozs. 
6 ozs. 
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China Cement: —To three parts of fresh beaten blood are added 6 parts of 
slaked lime and a little alum, a thin pasty mass .is produced which can be used 
immediately. Objects which are to be made especially waterproof are painted 
by the Chinese twice or at the most three times. 

CemerUsfcr Qlaae. —From 5 to 10 parts of pure dry gelatine are dissolved 
in 100 parts of water. To the solution about 10% of a concentrated 
solution of bichromate of potash is added and the liquid is kept in the dark. 
When articles joined with this cement are exposed to the light, the gelatine 
film is acted upon by the chemical rays, the chromate being partially reduced 
and the film of the cement becomes tough and durable. 

Qlasa Cement. —Take pulverized glass 10 parts, powdered fluor-spar 20 parts, 
soluble silicate of soda, 60 parts. Both glass and the fluor spar must be in the 
finest possible condition wUch is best done by shaking each in fine powder, with 
water allowing the coarser particles to deposit and then to pour off the 
remainder which holds the finest particles in suspension. The mixture should 
be made very rapidly, by quick stirring and when thoroughly mixed, must be 
at once applied. This is said to yield an excellent cement. 

To preserve Wooden Labels. —First dip in strong solution of iron sulphate. 
Dry and dip it again in lime water. The sulphate of lime is deposited on the 
surface of wood for ever. 

To write on Zinc, —^Write with a pen dipped in blue vitrol, i.e., sulphate of 
copper. 

Water proof Mixture 

Tallow .. 5% GuttaPeroha .. 20% 

Besin .. 16% Pitch .. 60% 

Oil Cement for laying earthen pipes :— 

Dry slacked lime .. 5 lbs.. 

Oil (by weight) .. 1 lb. 

Pounded in stone mortar with iron pestle for 6 hours, to reduce it to a thick 
paste for use. 

To remove paint from wood ;— 

2 lbs. of caustic soda to one gallon of water will remove one coat of 
paint in one or two minutes. If left too long on wood-work, it does harm and will 
shorten the life of the timber. 


Whiting 
White lead (d]^) 
Raw linseed oil 
Litharge 


.. 1 seer. 

.. 1 chhatak* 

.. 6 chhataks. 
.. tolas. 


Mix well together and beat with a wooden mallet. If it becomes hard, heat 
it before application. 
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Fluxes for Soldering or Welding. 


Metals, 

Soldering materials. 

Iron or steel 

Borax or Sal ammoniac. 

Tinned iron 

Resin or chloride of zinc. 

Copper 

Tirn.siR 

1 Sal ammoniac or chloride of zinc. 

Zinc 

Chloride of zinc. 

Lead 

Tallow or Resin. 

Lead and tin pipes 

Resin and sweet oil. 


Recipe for Patent Knotting ;— 


Japanner's gold size 
lied lead 
Wood naphtha 
Orange shellac 


.. 4- pint. 

.. 1 tea-spoonful. 

1 i>mt. 

.. 7 oz. 


Add together and keep the mixture in a warm place, whilst the shellac is 
dissolving, to be shaken f^equcntl 3 ^ 

Efflorescence on Brickwork .—This white coating, which is such a dishgureo- 
ment, can usually be prevented by adding oil to the mortar at the rate of 
1 gallon to the cask of lime. Linseed oil or any oil not saline, will do. If 
cement is used, an extra gallon of oil must be added. When incrustations 
are once formed, nothing can be done except to wash with dilute hydrochloric 
acid. 


Testing Drains and Pipes ;— 

Ignite soiled cotton waste and sulphur and blow the smoke into the drain or 
pipe. If the leakage exists in the latter inside of the house, the smell and the 
smoke both issue forth and indicate the position of the fault. Sulphm' is one of 
the best disinfectants and a dose of the fumes from this to the drains, after 
disease has been in the houSe would effect much good. 

To remove Ink Spots on Floors .—Bub with sand wet with equal parts of 
water and oil of vitriol, when ink is removed rinse with weak lye water. 

To remove Oil Stains from floor ,—Use oxalic acid and water, then wash well 
with soda and soap. 

Wall Pc^er ,—To remove all stains or marks (where people have rested their 
hands) from wall pa^rs, mix pipe clay with water to the consistenoy of cream, lay 
it on the spot and allow it to remain tul the following day when it may easily m 
removed with a brush. 
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How to make Frosted GUtss .—Take an empty 1 lb. jar pot or any similar 
vessel and fill it ird full with gum-arabic. Add a little hot water and leave it 
to soak for some hours. When the gum is properly dissolved add the same 
quantity of epsom salts. Stand the jar in a basin of hot water and stir rapidly. 
Then apply the contents to the glass with a paint brush. The mixture gives a 
permanent frosted effect. The light will enter freely but it will not be possible 
to see through it. 

To clean Zinc .—^Mix 1 part of sulphuric acid with 12 parts of water. Dip 
the zinc into it for a few seconds then rub with a cloth. 


To clean Ivory. —(1) Expose the ivory for 3 or 4 days to the action of sun¬ 
light in a bath of turpentine oil. (2) Treat it alternately with a solution of 
potassium permanganate (1 : 250) and oxalic acid (1:100), letting the ivory 
remain in each solution for half an hour; then rinse well with water and repeat 
the process a number of times. 

Colouring of Concrete .—For the colouring of moulded concrete, the colouring 
matters, in proportions depending upon the required shade, should be thoroughly 
mixed with the dry Portland cement before it is added to the aggregate. The 
following are suitable proportions:— 


Red. 

Parts. Parts. 


87 

Fine-ground Portland cement. 

84 

11 

Red oxide of iron. 

14 

2 

Black oxide of iron or copper. 

2 

100 

Blue. 

100 

80 

Fine-ground Portland cement. 


18 

Azure blue or ultramarine. 

85 

2 

Black oxide of iron or copper. 

12 

q 

100 




Chocolate, 

100 

88 

Fine-ground Portland cement. 


6 

Black oxide of manganese. 

84 

4 

Bed oxide of iron. 

16 

2 

Black oxide of iron or copper. 

1 

100 

Black. 

100 

87 

Fine-ground Portland cement. 

67 

13 

Black oxide of manganese 

33 

— 

any carbon black 


100 

100 


Yellow. 

Fine-ground Portland cement. 
Yellow oxide of iron. 

Black oxide of iron or copper. 


Green. 


Fine-ground Portland cement. 
Oxide of chromium. 

Black oxide of iron or copper. 


Pink. 

Fine-ground Portland cement* 
Barium sulphate (o. barytes). 
Best quality crimson lake 
(alumina base). 

White. 

Fine-ground Portland cement. 
Powdered chalk or barium sul¬ 
phate (common barytes). 
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Gleaning Marble .—Mix one part by weight of country soap and 3 parts of 
quick lime in sufficient water to form a paste. Lay on with a brush and, when 
dry, rub down with pumice stone. 

Another method is to pass through a fine screen (so as to eliminate all particles 
capable of scratching the marble) two parts bicarbonate of soda, one part 
powdered pumice stone, and one part of finely pulverized chalk and then add 
sufficient water to form a pasty mass. The marble should be rubbed with 
this mixture and finally washed with soap and water. 

To remove Spots from Glothing .—Rub spots with Petrol, Benzoin or Ether. 
Use a circular movement, rub until dry around the edges. 

To take out Ink .—^If fresh, soak and wash spots in milk. If not fresh, 
apply oxalic acid and water, one tea-spoonful of the acid in J tea-cupful of water. 
Wash out immediately. 

To remove Paint .—Use turpentine. If the paint is dry and the garment can 
be washed, soak the spot in turpentine over night and wash in water with 
soap. Otherwise put some turpentine on spot and let stand a while before 
rubbing. 

To take out mildew from White Articles .—Dissolve 1^ ozs. of chloride of 
lime in one quart of boiling water strain. Wet articles first in water then soak in 
solution for .several hours. Rinse in cold water. 

For Bust Stains .—Apply lemon juice and salt and lay on the grass, if pos¬ 
sible, in the sun. Wash out afterwards. 

For Scorched Linen or Cotton .—Take one large onion, vinegar, soap and 
Fuller’s earth. Use 4 times as much vinegar as soap and Fuller’s earth. Put 
on fire and bring to boil. Spread thickly on spots and let dry. Wash well 
in warm soap suds. 

To clean White Kid Olooes .—Clean on the hands with petrol, benzoin or 
carbona. The latter is the best. After cleaning hang out in the air. 

To clean Wall Paper .—The best thing is stale bread, keeping strokes all ni 
the same direction. 

Data for Blasting 100 c. ft. of Bf/ck.—llh. of dynamite, 7 running ft. of 
boring, ^ coolies, 6 running ft. of fuse, .3^ detonators. In small blasts 1 lb. of 
powder will loosen about 4|- tons. In large blasts 1 lb. of powder will loosen 
about 2f tons. One man can bore .'iO to 100 inches per day in granite and 300 
to 400 inches per day in limestone. 

To freshen and clean Carpets and Rug —Sponge with hot water in which 
has been added some domestic ammonia. 

To clean Bra^s .—Mix bath brick dust, whitening and paraffin oil to a paste 
and apply with a flannel cloth, rubbing vigorously. Rub off with another flannel 
and polish with a chamois. 

To clean Silver .—Use any kind of good silver polish or whitening and 
liquid ammonia mixed to a paste. 

To remove White Spots from Furniture .—Rub olive oil over spot, then fine 
salt. Then polish with dry flannel or chamois. 

To dean lace which is fine and will not stand ivadhing, cover with powdered 
magnesia, put between pieces of heavy white paper and put away for a couple of 
days then brush out. 

To rehum Tea Use bleaching soda or lemon and salt. 
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FERRO TYPE AND OTHER PRINTING PROCESSES. 

i. Ferro-tifpe priming (White lines on blue ground );— 

The paper for printing can be obtained already sensitised, but in India this 
ia not recommended as sensitised paper deteriorates very rapidly. Much better 
results can be obtained with freshly sensitised paper. 

Method of sensitising paper :— 

Two solutions are prepared. 

(1) Citrate of iron and ammonia .. 100 grains. 

Distilled or rain water .. 1 oz. 

(2) Ferric Cyanide of Potassuim .. 70 grains. 

(Red Prussiate of Potash) 

Distilled or rain water .. 1 oz. 

These two solutions should be kept in blue coloured bottles and stored in a 
dark room. Mix equal parts of the two solutions in a dark room immediately 
before use and coat the paper with a sponge or cloth. The coating should be 
done twice crossways, taking care that no streaks are visible. The paper should 
be pinned to the drawing board during the operation and afterwards hung up in 
the dark to dry. 

The sensitised paper should be placed under the cloth tracing to be printed 
in a wooden printing frame. The exposure will vary according to the light, 
which may be taken as about 5 minutes in the clear sun to about half an hour 
in cloudy weather. 

After exposure the print should be taken out in a subdued light, and washed 
for about 5 minutes in at least two changes of cold water till the whites are clear, 
and then hung up to dry. If the blue colour is faint and appears to wash out, it 
is a sign that the print is under-exposed. If the whites are not clear, the print has 
been over-exposed or the paper is bad. 

An addition of small quantity to Gum Arabic or Dextinc one oz. and Potass- 
ium Bichromate 2 grains to the above solution will improve the paper. 

White lines may be obliterated from the print with a solution of Prussian 
blue mixed to the required tint. 

Any additions to whites may be made with a clear pin dipped in a solution of 
soda or the following solution :— 

Oxalate of Potash .. 150 grains. 

Saturated solution of gum .. 40 minim. 

Water •• 1 oz. 

Both these solutions eat away the blue colour, the print should be blotted 
after the additions come up white and clear, and then washed. 

Additions can also be made to the print with white ink which should be ap« 
plied as dry as possible. 

While lines on a brown ground. —The following solutions are necessary;— 

Sensitising solution — 

(]) Silver Nitrate Re-orystallized .. 6| drams. 

Distilled or boiled water .. 4 to 6 oz. 

(2) Citric add crystals .. 10 drams. 

•Iron and ammonia Citrate, dry (brown) .. 20 drams. 

Distilled or boiled water .. 4 to 5 oz. 

6 ozs. of water should be used in hot iweatber and 4 ozs. in damp weather for 
both solutions. 
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Clearing Solution.— 

(а) ^um Crystals 1 oz. 

Water 40 ozs. 

(б) Hyposulphite of Soda 1 oz. 

Water 16 to 20 ozs. 

(20 ozs. of water should be used in hot weather and 16 ozs. in cold damp weather.) 

Better results are obtained if the paper is slightly warmed before the sensU 
tising solution is applied. 

After exposure the prints should be thoroughly washed and then placed in a 
bath of the clearing solution for about a minute. Then again washed and placed 
for about 20 minutes in a bath of the fixing solution. After this process, they 
should be finally washed and hung up to dry, great care should be taken, other* 
wise the print will fade rapidly. 

//.—Positive Oyanotype Process {blue lines on vohUe ground.) 

In this process a print has to be obtained as described for a white line on 
brown ground but special ready made thin paper must be used. In case ready 
made paper is not available, prepare as follows :— 
f Gum Arabic 
I Water 




Ammonia citrate of iron 


1 oz. 

5 ozs. 

1 oz. 

2 ozs. 

1 oz. 

2 ozs. 

8 parts and No. C, 
blue print made in 


_ Water 

, Perchloride of iron 
[Water 

When required mix solution No. A, 20 parts withB, 

,5 parts. This print is then used as a negative and a 
exactly the same way as if a print was being taken from a cloth tracing. 

111. — Ferro’gallic Printing Process {black lines on clear ground of dravnng). 
Sensitising solution— 

Water 
Gelatine 

Perchloride of iron 
Tartaric acid 
Persulphate of zinc 

Time of printing varies from 6 to 10 minutes. 

Developing Solution.— 

Gallic acid 
Oxalic acid 
Methylated spirit • 

Water 

The paper should be on the above solution till black lines are visible on white 
ground and then washed in water and hung to dry. The process should be 
performed in yellow light. 

For ready made paper use the following Developing Solution.— 

Gallic acid • • \ oz. 

Alum . • 1 oz. 

Water . • 8 pints. 

Dissolve alum and acid i^i 2 pints of water and then add the remaining water. 


15 ozs. 
J oz. 

1 oz. 
i oz. 
i oz. 


1 oz. 

5 grains. 
10 ozs. 

50 ozs. 
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IRRIGATION. 


Terms and Definitions 

Ahiana .—The occupiers rate charged for the supply of canal water. 

AqueduU .—A channel for conveying water either above or below ground, 
but on canals the term is confined to the structure spanning a river or oti ei water¬ 
way and carrying the canal over it. 

Bi-furcation, —A structure in a channel including a regulator where supplies 
are divided up into two channels leading off in different directions. 

Canal, perennial. —A canal that derives its supply from a site on a river where 
water is available or can bo made available throughout the year and provided 
with head regulator for the control of its supply. 

Canal, inundation. —^A canal that derives its supply from a river under cir¬ 
cumstances that do not permit of the available supplies being kept under control. 
Inundation canals are, therefore, only run in the summer season when the river 
levels are sufficiently high. 

Cusec. —Cubic feet per second. 

Delta. =Very often expressed by A 

_2x aver age supply X No. of days cana l is in flow 
area irrigated. 

Fall. —The works by which the bed is let down from a higher to a lower level. 

Fool acre. —One ousoc running continuously for 24 hours represents a volume 
of 86,400 o.ft. This is sufficient to irrigate one acre (area 43,560 s.ft.) to a depth 
of nearly 2 ft. Foot acre, therefore, represents ^ cusec running continuously 
for 24 hours. Therefore. 

43,2''K) c.ft. = one foot-acre. 

Inlet. —A pa.ssage whereby the drainage water intercepted by the canal 
lino is allowed to pass into it. 

Irrigation. —The artificial process of supplying water to crops in countries 
where the rainfall is either insufficient or comes at the wrong season for their 
cultivation. 

Khadir. —The strip of low land within which a river meanders and over 
which its floods rise. 

Kharif, —The season from February 15th to October 14th. Official dates 
are 1st April to 30 th September. 

Module, —A device made to ensure a constant discharge from one channel 
to another irrespective of levels in each within specified limits. 

Level crossing. —A work constructed so as to pass the flood water of a torrent 
or river through the canal on the canal bed level. 

Outlets are required in connection with inlets when there is no escape 
lower down the canal suitable for removing the inlet drainage water. 

Rabi. —The season from 15th October to 14th February. Official dates are 
Ist October to 31st March. 

Rapi^ are employed to accomplish the necessary change of level in the 
canals bed instead of falls. 
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Regulators are simple structures consisting of a floor supported on a con¬ 
crete foundation with piers grooved to hold the planks required for temporarily 
raising the water surface level. 

Seepage is a term generally used to imply the action which occurs whea 
water soaks or sinks into the ground and is largely retained in it by passing slowly 
through the mass of soil. It also denotes the action which goes on when water 
which has been so absorbed by the soil is slowly given up again into any channel 
or depression which lies at a lower level than the water table in the saturated 
soil. 

Superpassage affords the only possible means of dealing with torrents 
when they are carrying hill detritus in largo quantities. 

Under Sluices are openings in a weir, to keep the canal head free from river 
silt, as a help to the training of both the flood and cold weather supplies of the 
river and for minor regulation of supplies to avoid the necessity of frequently 
raising and lowering the weir shutters. 

Weirs {main) consist of permanent bars a cross the river high enough to 
turn the maximum supply down the canal but allowing'of the passage of water 
over them. 

Abbreviations :— 

F. S. L. Full supply level. 

H. F. L. High flood level. 

L. F. L. Low flood level, 

L. W. L. Low water level 
D. S. Downstream. 

U. S. Upstream, 

R. L. Reduced level. 


RAINFALL. 

1 inch of run-off in a year = *0736 cusecs per square mile. 

1 inch of run-off in an hour == 046 cuseis per square mile = 1 cuscm; 

or 22,622 gallons per acre. 

1 cuseo per square mile = 13‘oG inches yearly run off — 31*64 

million c.ft. yearly. 

100,000 eft. storage per acre = 27*6 inches depth on 1 acre. 

100,000 Imperial gallons per acre = 4 *4 inches depth on 1 acre. 

1,000. gallons per acre per day = 16*08 inches yearly run-off. 
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Tabu Showing Rain fall in different Provides of India. 


Locality. 

Average j 
Annual Bain- 
fall in inches.; 

Locality. 

Average 
Annual Bain- 
fall in inches. 

Orissa 

59 

Ajmere and Mar war .. 

20 

Chhota Nagpore .. 

54 

(Dentral Provinces 

51 

Central Bengal 

56 

Madras South .. 

31 

Behar 

48 

Mysore 

34 

United Provinces .. 

43 

Berar 

35 

Punjab South East 

23 

Gujrat 

44 

Punjab Central 

12 

Hyderabad 

30 

Punjab West 

10 

Deccan 

25 


On an average about f th of rainfall is available for storage. 10 % is lost from 
overflow of storm water. 

Heavy station rainfall in India as given by Kemp is :— 

Bombay Presidency (West Coast).8 inches in 2 hours. 

Bombay Town.7 to 9 inches in 24 hours. 

Central Provinces (Talgaon).7-75 inches in 6 hours. 

Sholapur.10 inches in 7 hours. 

Madras Presidency (South Arcot). .7, 8, 9 and upto 11*3 inches in 24 hours. 
Greatest rainfall recorded in 2i hours :— 


Punjab. 

United Provinces. 

PSast Bengal and Assam. 
'Bajputana. 

Central Provinces. 
Bombay. 

Madras. 


Hoshiarpur .. 
Danipur 
Chirapunjee.. 
Abu .. 

Chikalda .. 
Hoha 
Town 


14*0 inches. 
30-4 
40-8 
13 0 
17 0 
24‘8 
20-6 
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TaJbU Shomng Jtain-falls and Estimated Buns-qfffor Nagpur, 


Monsoon Rainfall in inches. 

1' 

g 


■M 

m 

30' 

1 

! 40' 

1 

1 

50' 1 60' 


Good Catch- 







t 

1 

Runs-of in 

ment. 

O 

o 

o 

0-116 

0-999 

6-970 

18-33 

34-86 

56-69183-63 

millions of , 
cubic feet per. 
square mile. 

Aver. Catch¬ 
ment. 

0-001 

0*087 

0-749 

5-227 

13-75 

26*13 

42-51 62*73 

1 


Bad Catchment 

O’OOl 

i 

0-058 

0-499 

1 

3-485 

9-17 

17-42 

1 

28*34; 41*87 


Strangers “ Storage Reserviors. ” 

FLOOD DISCHARGES AND RUNS-OFF. 

The following formulae are used in calculating flood discharges of rivers, 
and, in some cases, are also employed for quite small catchments:— 

Byve*8 Formnla :—Q == C. M 

Where Q = discharge in cubic feet per second ; M = area in square miles. 
Cisco-efficient usually ranging from 460 to 1,000 according to the nature and 
situation of the catchment. Rainfall data are also taken into consideration by 
comparisons with established results. This formula is largely used in Southern 
India. 

DickerCs Formula :—Q = 825M^’ 

This is the form in which the equation is usually presented, but it is doubt¬ 
less advisable to vary the co-efficient as in the case of Ryve’s formula. The 
Dicken’s formula is probably more particularly suited to the conditions of Bengal 
and other parts of Northern India. Both these formulas may be usefully em¬ 
ployed in other countries as well. 
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Table of Values of M*applicable in Dicken's formula. 
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* Table of Wa^f-e-weir Run-offs, 



Square miles. 

1 

1 Inches per 

i hour. 

0 to 1 

3*00 

1—2 

2*65 

2—3 

2*30 

3—4 

2*00 

4—5 

1*85 

6—6 

1*72 

6—7 

1*62 

7—8 

! 1*52 

8—9 

1*45 


Cubic feet 
per second. 



1,045 

981 

936 


9—10 1-40 903 

10—16 1*16 3,743 

16—20 1*00 3,227 

20—26 0 -92 2,968 

26—60 0*80 12,907 

60—76 0*75 12,100 

76—100 0*70 11,293 

100—160 0*65 20,973 

160—200 0*60 19,360 



^lunm 3 = Increment of area in Col. 1 X Col, 2 X 645*33 c.ft. 
Column 4 = Sum of entries in Col. 3. 

Column 6 = Col. 4-T‘(Last figure in Col. 1X646*33). 


^Strange’s ** Storage Reserroirs.** 


Remabks. 
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Total monBOon rainfall in inches. 

Good Catchmekt. 

Average Catchment. 

Bad Catchment. 

Percentage of run-ofE to 
rainfall. 

Depth of rnn-ofi due to 
rainfall in inches. 

Yield of run-off from 
catchment per sq. mile in 
Mill. c. ft. 

Percentage of run-off to 
rainfall. 

Depth of run-cff due to 
rainfall in inches. 

Yield of run-off from 
catchment per sq. mile 
in Mill. c. ft. 

Percentage of run-off to 
rainfall. 

Depth of run-off due to 
rainfall in inches. 

Yield of run-off from 
catchment per sq. mile 
in Mill. c. ft. 

1 

0*1 



0*1 

0*001 

0*001 

0*06 

0*0005 

0*001 

2 

0-2 

0*004 

0*009 

0*16 

0*003 

0*006 

0*1 

0*002 

0*004 

3 

0*4 

0*012 


0-30 

0*009 

0-021 

0*2 

0 *006 

0*014 

4 

0*7 

0*028 

0*065 

0*6 

0*021 

0-048 

0*3 

0*014 

0*032 

5 

10 


out 

0*7 

0*037 

0*087 

0*5 

0*025 

0-068 

6 

1-5 

0*090 

0*209 

1*1 

0*067 

0*156 

0*7 

0*046 

0*104 

7 

2T 

0*147 

0*341 

1*6 

0*110 

0*255 

1*0 

0*073 

0*170 

8 

2*8 

0*224 

0*620 

2-1 

0*168 

0*390 

1*4 

0*112 

0*260 

9 

3-6 

0*315 

0*732 

2-6 

0*236 

0*649 

1*7 

0*167 

0*366 

10 

4-3 

0*430 

0*999 

3*2 

0*322 

0-749 

2*1 

0*215 

0*499 

11 

5-2 

0*572 

1*329 

3*9 

0*429 

0*996 

2*6 

0*286 

0*664 

12 

6*2 

0 *744 

1-728 

4-6 

0*558 

1*296 

3*1 

0*372 

0-864 

13 

7*2 

0*936 

2*174 

6*4 

0*702 

1*630 

3*6 

0*468 

1*087 

14 

8*3 

1*162 


6*2 

0*871 

2*024 

4-1 

0*581 

1*349 

15 

9-4 

1*410 

3*276 

7*0 

1*067 

2*457 

4*7 

0*706 

1*638 

16 

10-6 

1-680 

3*903 

7*8 

1*260 

2*927 

6*2 

0*840 

1*961 

17 

11-6 

1-972 

4*681 

8*7 

1*479 

3*435 

6*8 

0*986 

2*290 

18 

12*8 

2*304 

6*363 

9-6 

1-728 

4-014 

6*4 

1-162 

2*676 

19 

13*9 

2*641 

6*136 

10-4 

1*980 

4*601 

6*9 

1*320 

3*067 

20 

16*0 

3000 

6*970 

11-26 

2*250 

5*227 

7*6 

1*500 

3*486 

21 

16*1 

3*381 

7*865 

12*0 

2*535 

6*891 

8*0 

1*690 

3*927 

22 • 

17*3 

3*806 

8-842 

12*9 

2*864 

6*631 

8*6 

1*903 

4*421 

23 

18*4 

4*232 

9-832 

13*8 


7*374 

9*2 

2*116 

4*916 

24 

19*5 

4*680 

10*873 

14*6 

3*610 

8*154 

9*7 

2*340 

5*436 

25 

20*6 

6*160 

11*964 

16*4 

3*862 

8*973 

10*3 

2*676 

5*982 

26 

21*8 

5*668 

13*168 

16*3 

4*251 

9*876 

10*9 

2-834 

6*584 

27 

22.9 

6*183 

14*364 

17*1 

4-637 

10-773 

11*4 

3*091 

7*182 

28 

24*0 

6*720 

16*612 

18*0 

6*040 

11*709 

12*0 

3*360 

7*806 

29 

25.1 

7*279 

16*911 

18*8 

6*459 

12*683 

12*6 

3*039 

8*466 

30 

26*3 

7*890 

1833C 

19*7 

6*917 

13*747 

13*1 

3*946 

9*165 
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.9 


Good Catchment, 


Atebaoe Catohment. 


Bad Catchment, 


Total monsoon rainfall 
inches. 

o 

m 

o 

1 

d 

e 

&. 
II 

Ph 

Depth of run-off due to 
rainfall in inches. 

Yield of run-oflE from 
catchment per sq. mile 
in Mill. c. ft. 

r 

Percentage of run-off to 
rainfall. 

Depth of run-off due to 
rainfall in inches. 

Yield of run-off from 
catchment per sq. mile 
in MilL c. ft. 

Percentage of run-off to 
rainfall. 

Depth of run-off due to 
rainfall in inches. 

Yield of run-off from 
catchment per sq. mile 
in Mill. c. ft. 

4 

31 

27*4 

8*494 

19*733 

20-5 

6-370 

14-799 

13*7 

4-247 

9*866 

32 

28-5 

9*120 

21-188 

21-3 

6-840 

15-891 

14*2 

4-560 


33 

29-6 

9-768 


22-2 

7-326 

17-019 

14*8 

4-884 

11*346 

34 

:io*8 

10-472 

24-329 

23-1 

7-854 

18*246 

15-4 

5*236 

12*164 

35 

31*9 

11*165 

25-939 

23*9 

8-337 

19-454 

15*9 

6*582 

12*969 

36 

33-0 

11-880 

27*600 

24-7 

8-910 

20*700 

16*6 

6-940 

13*800 

37 

34-1 

12-617 

29*312 

25-5 

9-462 

21*984 

17*0 

6-308 

14-656 

38 

35*3 



26-4 

10-060 

23*372 

17*6 

6-707 

15-681 

39 

36-4 

14-196; 32-980 

27-3 


24*735 

18*2 

7*098 

16-490 

40 

37-6 

15-OfK) 

34-848 

28-1 

11-250 

26*136 

18*7 

7-560 

17-424 

41 

38-6 

15*826 

36*767 

28*9 

11*869 

27-676 

19*3 

7-913 

18*383 

42 

39*8 

16-716 


29-8 

12-537 

29*126 

19*9 

8-358 

19-417 

43 

40*9 

17-587 

40*858 

30-6 

13-190 



8-793 

20-429 

44 

42-0 

18-480 

42*933 

31-5 

13-860 

32-199 

21-0 

9-240 


45 

43*0 

19-395 

K^ 

32-3 

14-546 

33-793 

21*5 

9-697 


46 

44*3 

20-378 

47*342 

33-2 

15*283 

35*506 

22*1 

10-189 

23-671 

47 

45*4 

21-338 

49-572 

34-0 

16-003 

37*179 

2^ 

10-669 

24-784 

48 

46*6 

22-320 

61*854 

34-8 

16-740 

38-890 

23*2 

11*160 

25-927 

49 

47*6 

23*324 

54-186 

35-7 

17-493 

40*639 

23-8 

11-662 


50 

48*8 

24-400 

56*686 

36-6 

18-30Q 

42-614 

24-4 


28-343 

61 

49*9 

25-449 

59*123 

37-4 

19*086 


24-9 

12-724 

29-661 

62 

wfCi 


61*611 

38-2 

19*890 


25-5 



63 

62*1 

27-613 

64-151 

39-0 

20*709 

48*113 

26-0 

13-806 

32*076 

64 

63*3 

28-782 


39-9 

21-586 

50-149 

26-6 

14-391 

33-433 

65 

54*4 

29-920 

69-610 

40-8 

22-440 

62-132 

27*2 



66 

66*6 

Kin 


41-6 

23-310 

64-163 

27-7 



67 

“ 66*6 

32-262 

74*961 

42-4 

24*196 

66*213 

28-3 

16-131 

37-476 

68 

67*8 

Kk^!! 

77-883 

43-3 

26-143 

68-412 

28-9 


38-941 

59 

58*9 

34-761 


44*1 



29-4 

17-376 


.60 

60*0 

36-300 

83-6361 





18-000 

41-817 
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EVAPORATION. 

Evaporation on flat country is about 50% less than that on an undulating 
rocky one. 

Kean daily evaporation in India '20 inches. 

Greatest evaporation in 24 hours *56 inches. 

Surface evaporation of water {pole). 

If T = Temperature of atmosphere in Degrees F. 
t = Dewpoint. 

V ~ Velocity of wind in miles per hour; and 
E = evaporation in inches per day. 

T 2—«2 

Then E = -r > irvA - -- v ' 
k (100— v). 

Where k — SO for summer and 100 for winter temperature. 

Loss of water by Evaporation in feet. 



October. 

November. 

December. 

•iCi«nuisp 

February. 

March. 

April. 

May. 

Total of 
eight months. 

Rajputana 

•49 

•:i5 

•29 

•29 

•35 

•55 

•73 

•81 

3-86 

Bombay 

•65 

•49 

•37 

•44 

•34 

•44 

•69 

•99 

4*41 

Nagpur 

•50 

•42 

•37 

•33 

•32 

•48 

•76 

•59 

3-77 


ABSORPTION. 


According to Mr. Beresford:— 

(i) The loss of water by absorption is greater when a canal is in cutting than 
when it is in embankment. 

(ii) When the other conditions are constant the loss by absorption varies 
directly as the wetted perimeter of the channel. 

(Hi) Under ordinary conditions the loss by absorption between head of a 

distributary and any point L miles from the head can be expressed:—L ob 8=AL® 
Where A = the loss actually ascertained by experiment in the first mile, 
z == the power to which L is raised, it varies from ^ to f. 

(iv) There is more waste by absorption in village channels than in all other 
parts of irrigation system. 

(v) The loss by absorption is much greater in new canals than in old ones. 
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The foUomng Table ahoua loaa of canal water at different stages. 


Authority. 

In 

Main 

Cnal. 

i 

In 

Distribu¬ 

tary. 

In 

Water 

Course. 

In 

Cultiva¬ 

tion. 

Total. 

1 

Mr. Ives. 

15% 

! 

7% 

22% 

27% 

71% 

Mr. Kennedy 

20% 

6% 

: 21% 

i 

26% 

72% 

Mr. Varma (more re¬ 
cent). 

I 

7% 

' 17*6% 

i 

8-6% 

48% 

1 

1 


The moat approved formula for loss by absorption on the Punjab canal 

/— wL 
13 P =a c V 

Where P =* loss by absorption in any reach per second in c. ft. 
c ss a constant usually taken as 3 ‘5. 
d =» depth of supply in feet. 
w =» width of water surface in feet. 

L =3 length of reach in feet. 

DUTY OP WATER. 

The dvty of a canal is expressed by the number of acres brought to maturity 
by eaxh cause of average discharge during the currency of the crop. 

The full supply factor of any canal or water channel is the number of acres 
brought to maturity by each cusec of full supply. 

Duty formulae :— 

(i) If D ==» duty of water, and 

B = Base of duty, i.e., the number of days during which the supply 
of one cuseo runs in order to ^mature the crop dedned by the 
duty. 

B 

Then F X 86,400 

V ss the volume of water in c, ft. used in maturing 1 acre of crop. 

{%%) ss .5 X 1*983 =s 2 ^ nearly k total aggregate depth in feet, 

over an area of ' acre. 
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(in) lix — the discharge in cusecs necessary to irrigate a given number 
of acres of crops (A) with a given duty (D) and base (B), then:— 

X aa = I nearly. (BucHey^s Irrigation Pocket Book,) 

The following table gives the actual duty of water on the following Pirn- 
jab Canals for years 1920-21 to 1924-25 :— 


Canal. 

Crop. 

1920-21. 

1921-22. 

1922-23. 

1923-24. 

1924-25 


1 

f Kharif 

t 

no 

180 

ilo 

120 

120 

'*• Western Jumna 








1 

l^Rabi 

190 

170 

145 

150 

170 

Upper Bari Doab .. 

j 

P Kharif 

1 

no 

1 

1 

120 

120 

no 

120 

1 

LRabi 

260 

240 

230 

260 

200 



r Kharif 

80 

100 

70 

90 

90 

Lower Bari Doab .. 

h! 

1 








I^Rabi 

120 

160 

140 

130 

140 


1 

f Kharif 

no 

no 

140 

130 

no 

Sirhind Canal 









LRabi 

210 

200 

190 

210 

180 

Upper Chenab 

1 

1 

[■Kharif 

80 

90 

90 

80 

70 

1 

LRabi 

150 

150 

210 

220 

200 


1 

fKharif 

90 

90 

90 

120 

110 

Lower Chenab 

-i 

1 

^Rabi 

200 

210 

230 

240 

225 


1 

fKharif 

90 

80 

70 

80 

80 

Upper Jhelum 

] 

1 

LRabi 

180 

200 

250 

220 

170 


1 

fKharif ‘ 

1 

80 

100 

80 

110 

80 

Lower Jhelum 

< 





1 


1 

LRabi 

170 

200 

240 

210 

180 


As a rough average it may be reckoned that one cubic foot a second will 
irrigate from 140 to 160 acres of Babi crops and 70 to 80 acres of Kharif. 

One cusec running for 100 days will irrigate about 118*7 acres to a depth of 
20 inches. 

An acre foot lifted one foot per day corresponds to ‘568 H. P. 
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Discharge Tables {in cubic feet per second) for Rajbahas and minors^ 

when Side slope is ^to 1, 


Depth of 
Water in 
feet. 


si: 


®g 

‘ pH 



Red width, 2 feet. 





•3, «3 

•3 

•3 

*4 

*4 

•6 



•4 

•4 

•5 

•5 

•6 

•6 

•7 



•6 

*5 

•6 

•6 

•7 

•7 

•8 



•6 

■7 

*8 

•8 

•9 

•9 

•9 

•6 

•7 

•7 

•9 

1 

1 

1 

1 

1*0 

•8 

•9 

•9 

1 

1 

1 

1 

1 

1-2 

1 

1 

1 

2 

2 

2 

2 

2 

1*4 

2 

2 

2 

2 

2 

2 

2 

2 

1*6 

2 

2 

2 

3 

3 

3 

3 

3 

1*8 

2 

2 

3 

3 

3 

4 

4 

4 

2*0 

3 

3 

4 

4 

4 

4 

5 

.5 


*4 *4 

•6| ft 
■8 *» 

1 I 

1 1 

1 1 

2 2 

3 a 

3 3 

4 4 

5 6 


Bed mdth, 3 feet. 


•6 1 

•3 

•4i 

*4 

•o 

•6 

•5 

•5 

I '6 

•6, 

•6 

•0 

*7 

•7 

•6 1 

•5 

•e! 

•6 

•7 

•7 

•7 

•7 

•8 

■8 

•8 

•9 

•91 

1 

‘7 

•6 

•7 

•7 

•8 

•9 

•9 

1 

1 

1 

1 

1 

1 ! 

1 

•8 

•8 

•9 

•9 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

•9 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

1*0 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1-2 

2 1 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

1*4 

2 

2 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

1*6 

3 

3 

3 

4 

4 

4 

4 

5 

5 j 

5 

5 

5 

5 

1*8 

3 

4 

4 

4 

5 

6 

"6 

6 1 

6 

6 

6 

6 

7 

2*0 

4 

5 

5 

6 

6 

6 

6 

7 

7 

7 

8 

8 

8 


Bed width, 4 feet. 


•6 

•4 1 

•4 

•6 

*6 

•6 

•6 

•7 

•7 

•8 

•8 

•8 

•9 

•9 

1-0 

2 ' 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

*1-6 

3 

3 

4 

4 

5 

5 

6 

6 

6 

6 

6 

6 

7 

2*0 

6 

6 

7 

7 

8 

8 

9 

9 

10 

10 

10 

11 

11 

2*6 

8 

9 

10 

n 

12 

13 

13 

14 

14 

15 

15 

16 

17 
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Discharge Tables {in cubic feet per second) for Bajbahas and minors, 
when Side slope is ^ to 1.—contd. 



Slopes. 

Depth of 
water in 
feet. 

1 in 10,000 or 
0 • 1 per 1000. 

1 in 8,000 or 
0‘125 per 1000. 

1 in 6,666 or 
O'15 per 1000. 

1 in 5,714 or 
0’175 per 1000, 

1 in 5,000 or 
0'2 per 10(0. 

S| 

Ih 

-'‘S. 

'T* 

c 

1 in 4,000 or 
0'25 per 1000. 

1 in 3,636 or 
0’2 76 per 1000. 

So 

CO 2 

eo 

© 

s © 

f § 

fH 

« 8, 

^ eo 
• 

© 

1 in 2,857 or 
0-36 per 1000. 

1 in 2,666 or 
0*375 per 1000. 

1 in 2,600 or 
0*4 per 1000. 


Bed width, 5 feet. 


•5 

•6 

•6 

•7 

•7 

'8 

•8 

•9 

•9 

1 

1 

1 

1 

10 

2 

2 

2 

3 

3 

3 

3 

3 

3 

4 

4 

4 

1*5 

4 

6 

5 

6 

6 

6 

7 

7 

7 

8 

8 

8 

2*0 

7 

8 

9 

9 

10 

11 

11 

12 

12 

13 

13 

14 

2-6 

11 

12 

13 

14 

15 

16 

17 

18 

18 

19 

20 

20 

30 

15 

16 

18 

19 

21 

22 

23 

24 

25 

27 

27 

28 


Bed width, 6 feet. 


1 

4 

8 

14 

21 

29* 


•6 

•7 

•8 

•9 

1 

1 

1 

1 

1 

1 

1 

1 

1 j 

1*0 

2 

3 

3 

3 

4 

4 

4 

4 

4 

6 1 

5 

6 ! 

1-5 

5 

6 

6 

' 7 

7 

8 

8 

9 

9 

9 j 

10 

10 

2*0 

9 

10 

11 

12 

12 

13 

14 , 

14 

16 

16 

16 

17 

2'6 

12 

14 

15 

17 

18 

19 

20 

21 

22 

23 

24 

25 

3-0 

18 

20 

22 

24 

25 

27 

28 1 

30 

31 

32 

33 

34 


Bed width, 7 feet. 


1 

5- 

10 

17 

26 

36 * 


•6 

.8 

.9 

1 

1 

1 

1 

10 

3 

3 

4 

4 


4 

1*5 

6 

7 

7 

8 

9 

9 

2-0 

16 

11 

13 

14 

15 

16 

2-5 

15 

17 

19 

20 

22 

23 

3-0 

21 

23 

26 

^7 

30 

: 32 

Bed width, 8 feet. 




•5 

1 

1 

1 

1 1 

1 

1 

1-0 

3 

4 

4 

5 

6 

6 

1*5 

7 

8 

9 

9 

10 

11 

2'0 

12 

13 

16 

16 

17 

18 

2-6 

18 

20 

22 

23 

25 

26 

3 0 

24 

27 

30 

32 

34 

36 


1 

1 

1 

1 

[ 1 

2 

2 

5 

5 

6 

6 

6 

6 

6 

10 

10 

11 

11 

11 

12 

12^ 

16 

17 

18 

19 

19 

20 

21 

24 

25 

26 

27 

28 

29 

30 

33 

35 

36 

38 

39 

41 

42 


1 

1 

1 

2 

2 

2 

2 

5 

6 

6 

6 

6 

7 

7 

11 

12 

12 

13 

13 

14 

14 

19 

20 

21 

21 

22 

23 

24 

28 

29 

31 

32 

33 

34 

35 

38 

40 

42 

44 

46 

47 

49 
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Discharge Tables {in cubic feet per second) for Dajbahas and minors, 
when Side slope is J to 1—contd. 


Depth of 
water in 
feet. 


Slopes. 



Bed width, 9 feet. 


■5 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

1-0 

4 

4 

5 

5 

5 

6 

6 

6 

7 

7 

7 

8 

i*.'5 

8 

9 

10 

11 

11 

12 

13 

13 

14 

15 

15 

16 

2*0 

14 

15 

17 

18 

19 

20 

21 

23 

24 

24 

25 

26 

2-5 

20 

22 

25 

27 

28 

30 

32 

33 

35 

36 

37 

39 

:i*o 

28 

31 

.34 

37 

39 

42 

44 

46 

48 

50 

52 

54 

3*5 

36 

40 

44 

48 

51 

54 

57 

60 

63 

65 

68 

70 


Bed width, 10 feet. 


•5 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

ro 

4 

5 

5 

6 

6 

7 

7 

7 

8 

8 

8 

8 

1-5 

9 

10 

11 

12 

13 

14 

14 

16 

16 

16 

17 

18 

2-0 

15 

17 

19 

20 

22 

23 

24 

25 

26 

28 

29 

30 

2*5 

23 

25 

28 

30 

32 

34 

36 

37 

39 

41 

42 

44 

3*0 

31 

35 

38 

41 

44 

47 

49 

52 

54 

66 

68 

60 

3-5 

41 

45 

50 

54 

57 

61 

64 

67 

70 

73 

76 

79 


Bed width, 12 feet. 


*6 

1 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

1-0 

5 

6 

6 

7 

8 

8 

S 

9 

9 

10 

10 

10 

11 

1*5 

11 

12 

14 

16 

16 

17 

18 

18 

19 

20 

21 

22 

22 

2*0 

19 

21 

23 

26 

26 

28 

30 

31 

32 

34 

35 

36 

37 

2-5 

27 

31 

34 

36 

39 

41 

44 

46 

48 

50 

51 

63 

55 

3 0 

38 

42 

46 

50 

54 

67 

60 

63 

66 

68 

71 

73 

76 

3*5 

50 

55 

61 

65 

70 

74 

78 

82 

86 

89 

92 

96 

99 

4-0 

62 

69 

77 

83 

88 

94 

99 

104 

108 

112 

116 

121 

126 

•4*6 

76 

85 

93 

100 

108 

114 

120 

126 

132 

137 

142 

147 

152 

5*0 

91 

102 

112 

121 

129 

137 

144 

151 

158 

166 

171 

177 

183 
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Discharge Tables {in cubic feet per seccnd) for Bajbahas and minora^ when 

Side slope is ^ to 1.—cootd. 


Depth of 
water in 
feet. 


Slopes. 




c> 

' &! 
Ifl 0.1 


a o 

b *-< 

iSL 

•S^ 


ocJ 
«o § 

«> s 

®8 

2J2 

Vi 

S . 

li 

,444 or 
r 1000. 

o ^ 

o 

S o 
g 

© 2 
ffO 

© H 

^o* 

e*i O 
CO © 
CO 

3 S 

o ft 

•M |f3 

«5 « 
04 

lO M 

K 

^ t 

/V? ® 

« Oi 

0 Oh 

CO §, 

.5»« 


rt 

•S “5 

d lA 

.-1 oi 

o 

• 

1—1 T* 
© 

-4 ^ 

— t v* 

o 

-4 

* 

^ « 
© 

-4 (ra 

(=3 


^4 

«c 

■I- U5 

CO 


M o 
o 

:0 


IN » 

d ua 

c- 

-4 « 

o 


o 

!o 


cl 

o 


Bed undthf 14 /«eL 


•5 

2 

2 

2 

2 

o 

ss 

3 

1 3 

i 3 

3 

«> 

3 

3 

3 

10 

6 

7 

7 

8 

9 

9 

EGI 


11 

11 

12 

12 

12 

1-6 

13 

16 

16 

17 

19 

20 

21 

22 

23 

j 24 

26 

26 

26 

20 

22 

24 

27 

29 

31 

33 

36 

36 

38 


41 

43 

44 

2-6 

33 

36 


43 

46 

49 

61 

54 

56 

59 

61 

63 

66 

3 0 

46 


56 

69 

63 

67 

71 

74 

78 

81 

84 

87 

90 

3-5 

69 

66 

72 

77 

83 

92 

93 

ma 

101 


110 

113 


4 0 

74 

82 

90 

97 

104 

IJO 

116 

122 

128 


138 

143 

147 

4*6 

90 



119 

127 

136 

142 

149 

166 

,162 


174 

180 

6*0 

iiii 

132 
th, 16 

142 

feet. 

162 

161 

170 

178 

186 

[192 

1202 

209 

215 

•5 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

4 

4 

4 

1*0 

7 

8 

9 

9 

10 

11 

11 

12 

12 

13 

13 

14 

14 

1*6 

15 

17 

19 


22 

23 

24 

25 

26 

27 

28 

29 

30 

2*0 

25 

28 

31 

34 

36 

38 

40 

42 

44 

46 

48 

49 

61 

2*6 

38 

42 

46 


53 

56 

60 

62 

65 

68 

71 

73 

75 

3*0 

62 

68 

63 

68 

73 

77 

81 

86 


93 

97 

100 

104 

3*6 

68 

75 

83 

89 


101 


112 

117 


127 

131 

135 

4*0 

85 

96 

104 

112 

121 

128 

134 

141 

147 


159 

166 

170 

4*6 


116 

128 

138 

147 

156 

166 

173 

181 

188 

196 

202 


6 0 

[124 

Bea 

138 

> widt 

162 
h, 18 

164 

feet. 

176 

186 

196 

2C6 

216 

224 1233 

240 

248 

*5 

2 

2 

3 

• ^ 

3 

3 

3 

4 

4 

4 

4 

4 1 

4 

10 

8 

9 


11 

11 

12 

13 

14 

14 

16 

16 

16 1 

16 

1*5 

17 

19 

21 

22 

24 

26 

27 

29 

30 

31 

32 

33 1 

34 

2 0 

29 


36 

38 

41 

43 

46 

48 


62 

64 

56 ! 

58 

2*6 

43 

48 

62 

67 

Ol 

64 

68 

71 

74 

77 


83 < 

86 

3*0 

69 

66 

72 

78 

83 

88 

93 

68 



mi 

114 

118 

3*6 

77 

86 

94 

102 

mM 

115 

122 

128 

133 

139 

144 

149 

164 

4*0 

Ea 


118 

128 

137 

145 

163 


167 

174 

181 

187 

194 

4*6 

118 

131 

146 

166 

MM 


187 

196 


213 

221 

229 j. 

236 

6*0 

141 

167 » 

173 

186 

200 1 

211 li 

223 

234 

244 \. 

264 

264 

273 “I 

282 










































Discharge Tahles(in cubic feet per second) for Rajbahaa and mtnort, when 

_ Si de elope ie | to I—-oontd. _ 

Slopbs. 


Depth of water 
in feet, o 


>§ 


.SH .S '.ss.gp»’i.a«.g^ 

O O O 

Bed widths 20 feet. 


12 
26 27 

43 46 
64 68 

87 93 

114 122 


54 S < 

O $ I O ( 


' b » ^ fff ^ b 

J5..SS “-.Sg-SS 

»-i^ i-(W ,-<W,_^P0 i— 

o 


159 »J76 |194 


1209 j224 1238 
Bed width, 22 


j251 |263 
feet. 


3 

3 

4 

4 

1 4 

4 

4 

5 

5 

11 

12 

13 

14 

14 

16 

16 

17 

18 

24 

26 

28 

30 

32 

34 

35 

36 

38 

40 

44 

47 

51 

54 

57 

59 

62 

65 

60 

65 

70 

76 

80 

84 

88 

92 

96 

82 

90 

97 

104 

110 

116 

121 

127 

132 


95 106 117 126 135 143 161 158 

120 134 140 159 170 180 190 198 

146 164 180 194 207 220 232 243 

175 1 96 216 232 |218 263 277 291 

205 230 252 272 191 :308 326 3 91 
238 1266 1292 315 337 357 377 395 
Bed width, 24 feet. 

3 
11 
23 
39 
58 
80 
106 
132 
161 
193 
226 

261 1292 1320 .'346 1370 


1275 |285 |294 307 357 


6 5 5 

18 19 19 

40 41 43 

67 69 72 

100 103 106 
137 142 146 
179 185 191 
1225 233 240 
‘274 284 294 
328 340 361 
385 3 99 411 
1446 |460 476 


165 172 
208 217 
254 265 
301 316 
357 '371 
413 420 


65 68 

97 101 


279 i291 


13 1433 1453 1471 1489 1506 <523 
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NOTCHES. 

Qav/ging arnaU quaniUea of Waier through a Triangle notch. 
The notch must be a right angled notch with thin edges. 

H =: height above bottom of notch in inches. 

Table of Diaohargey Gallons per Minute, 


H 

0 

•1 

•2 

•3 

*4 

*5 

•6 

*7 

*8 

*9 

1 

2*01 

2*51 

3*12 

3*81 

4*59 

5*46 

6*46 

7*46 

8*59 

9*84 

2 

11*19 

12*64 

14*20 

16*86 

17*66 

19*56 

21*66 

23*42 

26*96 

28*32 

3 

30*84 

33*46 

36*23 

39*12 

42*16 

46*33 

48*64 

62*09 

56*67 

69*41 

4 

63*30 

66*79 

71*50 

1 

76*83 

80*32 

83*74 

89*89 

94*72 

99*86 

105*12 


5 inches = 110 67. 

Water dammed,—not in motion. 

Discharge in gallons = 1 *978 “V/H, or (Thomson’s formula) 1 *91 5 

Useful Data in pipe Oalcukitions. 


Diameter. 

Peri¬ 

meter. 

Area. 

Area. 

Diameter. 

Peri¬ 

meter. 

Area. 

Area. 

Perim. 

Perim. 

ins. 

feet. 


feet. 


ins. 

feet. 


feet. 



*04167 

•1309 

*00136 

•0104 

14 

1*1667 

3*6661 

1-0690 

*2917 

1 

•0625 

•1964 

•00307 

•0166 

16 

1*3333 

4*1887 

1*3962 

•3333 

1 

•0833 

*2618 

•00645 

•0208 

18 

1*6 

4*7123 

1*7672 

*3760 


•1260 

*3927 

•01227 

•0313 

20 

1*6667 

5*2360 

2*1810 

•4167 

n 

•1468 

•4682 

•01670 

*0366 

24 

2* 

6-2832 

3*1416 

•6 

2 

•1667 

•6236 

•02182 

*0417 

27 

2*26 

7-0686 

3*9761 

•5626 

3 

•26 

•7864 

*04009 

•0626 

30 

2*6 

7*8640 

4*9087 

*626 

4 

*3333 

1-0472 

•08727 

» *0833 

33 

2*76 

8*6343 

6*9396 

•6876 

6 

•5 

1*5717 

‘19636 

•1257 

36 

3* 

9*4247 

7*0686 

•76 

8 

•6667 

2*0943 

•34906 

•1667 

30 

3*333 

10*472 

8*7266 

*8333 

10 

‘8333 

2*6180 

*54542 

*2083 

44 

3*667 

11*420 

10*660 

•9167 

12 

1*0 

3*1416 

*78540 

•25 

48 

4* 

12*666 

12*566 

1*0 


The Mean Hydratilio Radius = Area < 7 * Perimeter = *26 diameter in feet. 
The Area in Feet = Tim number of Cubic Feet contaiAod in 1 lineal foot of 
the pipe. The Area X 62*4 » pounds contained in 1 lineal foot or gallons in 
2 g every 10 lineal feet of the pipe. 
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Fire Jets from Smooth Nozzles. (Freeman.) 

P = Pressure of water, lbs. per square inch, at entrance of nozzle. 
H = Maximum height of an effective fire-stream in feet. 

D = Maximum horizontal distance of ,, „ 

Q = Discharge per minute in gallons. 


P. lbs. 

per 
sq. in. 

f in. nozzle. 

1 in. nozzle. | 

li in. nozzle. 

H 

D 

Q 

H 

D 

Q 

H 

1 D 

Q 

10 

17 

• • 

43 

18 

• • 

77 

19 


123 

20 

33 

72 

63 

36 

77 

no 

37 

83 

174 

30 

48 

4 4 

76 

61 


140 

63 

• 4 

213 

40 

60 

112 

87 

64 

133 

155 

67 

148 

246 

60 

67 

* , 

97 

73 

• • 

173 

77 

• ■ 

275 

60 

72 

1.36 

107 

79 

167 

189 

86 

186 

311 

70 

76 

• • 

114 

85 

• t 

206 

91 

* • 

326 

80 

79 

163 

' 122 

89 

189 

219 

95 

213 

348 

90 

81 

* • 

130 

92 

• • 

232 

99 

• t 

369 

100 

83 

167 

136 

96 

205 

245 

101 

236 

389 


Bell-mouth Entrance to Pipes. 

K == Coefficient of 
influx. 

H = Head of water 
above boll- 
mouth in feet. 

If H = 6 10 15 20 25 30 35 40 45 60 

K = -968 *975 -978 *982 *986 -988 ’990 -991 -993 *994 



Coefficients of Effiuxfor Short Pipes. 


Length -j- diameter 

1 

6 

10 

25 

50 

75 

100 125 

Coefficient. . . 

. *62 

•792 

•770 

•714 

•643 

•688 

•548 -612 

Length-r diameter 

160 

175 

200 

226 

250 

276 

300 

Coefficient. . . 

*485 

•462 

•440 

•420 

•4(^5 

•o86 

■378 


NOTCHED FALLS ON DISTRIBUTARIES. 

Canal notches with complete fall. 

D = f (Id -ffM /). 

W here I length of the cill of notch in feet. 

. n 2 tan a where a is the angle made by the sides of the notch 

with the vertical. 

c *= ooefiioiont of discharge which is *86 for canal notches and *80 
for Distributary notches. (Kennedy). 
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D = discharge in cubic feet per second. 

d == depth of water in feet above cill of notch and measured to the 
normal'suiface a few feet upstream of the notch. 


Tana=mii>d^ \.Garret. 

I = m2 D ^ 


E, 


Where and m 2 are coefficients of which the value depends on the ratio 
E being the submersion in feet. 

{Notches used on Distributaries). 



PLAN OF NOTCH 



\\^ 


The above forms of notches have been found best in the light of experiments 
made on the Punjab Canals. 

At the foot of each of the above notches there is a lip plate projecting 
beyond the outer edge of the breast wall which has a great influence in spread¬ 
ing the stream and determining the form of falling water. 
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s 


Tabu of d whan » 1 <o 10 



•0 

•1 

•2 

•3 

•4 

■31 

•0 

■ft 

mm 

•9 

1 

•10 

•867 


•674 

•603 

•644 

•494 

•461 

•414 

•382 

2 

•354 

•328 


•286 

•268 

•263 

•238 

•226 

•213 

•202 

3 

•192 

•183 

•176 

167 

•169 

•163 

•146 

•140 

•138 

•130 

4 

•125 

•120 

•116 

•112 

•108 

•106 

•1061 

•0981 

•096 

•0921 

5 

•0874 

•0868 

•0844 


•0797 

•0776 

•0754 

•0734 

•0716 

•0697 

6 

•068 

•0663 

•0647 

•0632 

•0618 

•0604 

•069 

•0577 

•0664 

•0662 

7 

•0540 

•0629 

•0618 


•0497 

•0487 

•0477 

•0468 

•0459 

•045 

8 

‘0442 



•0418 

•041 

•0403 

•0396 

•0389 

•0384 

•0376 

9 

•037 

•0361 

•0368 

•0352 

•0346 

•0341 

•0336 

•3311 

•0326 

•034 

10 

•0316 



Hjgjg 

•0298 

•0293 

•0289 

•0286 

■0281 

•0277 

11 

•0274 

BW 

•0266 

•0263 

•0269 

mm 

•0263 

•0249 

•0246 


12 

•024 


•0234 

•0231 

•0229 

•0226 

•0223 

•0221 

•0218 


13 

•0213 




•0203 

•0201 

•0199 

•0197 

•0196 


14 

•019 


•0186 

•0184 

•0183 

•0181 

*0179 

•0177 

•0176 


15 

•0172 

.. 

• • 

ft ■ 

• • 

ft ft 

.. 

ft ft 

ft ft 

ft ft 


TahU of d when J s= 1 <o IB. 



•0 

•1 

•2 

*3 

•4 

•6 

•c 

mu 

•8 

•9 

1 

1 

•787 

•632 

•613 

•431 

•362 

•308 

•266 

•230 

•200 

2 

177 

•166 

•139 

•124 

•112 

•101 

•0917 

•0846 

•0762 

•0699 

3 



•0646 

•0606 

•0469 

•0436 

•0407 

•0379 

•0366 

•0334 

4 


•0294 

•0277 

•0261 

•0246 

•0233 

•0220 

•0209 

•0198 

•0188 

5 

QQjl 


•0162 

•0166 

•0148 

•0141 

•0136 

•0129 

•0123 

•0118 

6 



•0104 

•0100 

•00966 

•00928 

•00894 

•00861 

•00829 

•0080 

7 


•00744 

*00719 

•00694 

•00671 

•00649 

•00628 

•00608 

•00588 

•0067 

8 


•00566 


•00604 

•00489 

•00476 

•00461 

•00448 

•00436 

•00423 

9 



•00389 

•00379 

•00369 

•00369 

•0036 

•00341 

•00330 

•00324 

10 




•00294 

*00286 

•00279 

•00273 

•00267 

•00260 

•00266 

11 


•00243 

•00238 

•00233 

•00227 

•00223 

•00218 

•00213 

•00201 

•00204 

12 


•00196 

•00192 

•00168 

•00184 

•00181 

•00177 

•00174 

•00170 

•00167 

13 


•00161 


•00165 

•00162 

•00149 

•001466 

•00144 

•00141 

•00138 

14 


•00133 

•00131 

•00129 

•00127 

•00124 

•00122 

•00120 

•00118 

•00116 

16 

H 

ft ft 

ft ft 

ft 

ft ft 

ft ft 

ft ft 

ft ft 

ft ft 

ft ft 
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Table shomng f Powere of N, t.c. y/lfS'when N ^ Ito 10. 


Decimole in N, 


N. 








1 




•0 

•1 

.2 

*3 

*4 

• 

m 

1 *7 

*8 

*9 

0 


pi 

*017 


■1 


*278 

■ 

*572 

*767 

1 



1*678 

1*926 

2*318 

2*766 

3*238 

3*767 

4*347 

4*977 

2 

6*657 

Kfiii 

7*178 

8*021 

8*924 

9*852 

MM 

71*98 

13*12 

14*29 

3 

16*69 

16*92 

18*31 

19*78 

21*29 

22*92 

24*69 

26*33 

28*16 

29*87 

4 



36*16 

38*34 


42*96 


47*88 


63*16 

5 


68*76 

61*66 

64*67 

67*76 


74*21 

77*67 


84*63 

6 

88*18 

91*90 

95*72 

99*62 



111*9 

116*2 


126*0 

7 

129*6 

134*3 

139*1 

143*9 

148*9 


159*2 

164*6 

169*9 

176*4 

8 


186*7 

191*4 

198*4 



216*8 

223*2 

229*6 

236*3 

9 


249*8 

256*9 

263*6 

270*9 

278*1 

286*6 

293*1 


308*3 


1316*2 

• • 

• • 

• • 

• • 

• • 

• • 

• « 

• • 

• • 



Table showing 

f Pow 

*3 

ers of N i.e. 


when N 

= 1 <0 

10. 

N. 

•0 

*1 

*2 

*4 

*5 

*6 

*7 

*8 

*9 

1 


1*163 

1*313 

1*482 

1*666 

1*837 

2*024 


2*414 

2*619 

2 

2*828 


3*263 

3*488 

3*718 

3*963 

4*192 

4*436 

4*685 

4*839 

3 

6*196 

6*468 

6*726 

5*994 

6*269 

6*648 

6*831 

7*117 

KM 

7*702 

4 




8*916 


9*646 

9*867 


BSyl 

10*84 

5 

11*18 

11*501' 

11*86 

12*22 

12*64 

12*89 

13*24 

13*6 

13*96 

14*32 

6 

14*7 


16*43 

16*81 

16*19 

16*67 

16*96 

17*34 

17*72 

1812 

7 

18*62 

18*9 

19*31 

19*72 




21*37 

21*79 

22*21 

8 

22*63 


23*47 

23*91 

24*34 

24*78 

26*21 

26*66 

26*11 

26*66 

9 

27*6 

27*46 

27*9 

28*36 

28*82 

29*28 

29*76 



31*16 

10 

31*62 

32*09 

32*67 

33*06 

33*63 

34*02 

34*51 

36*0 

36*491 

36*98 





























Cn 4!^ c*; 
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Table showing values of Wj and for coefficient of Discharge. 
_ C= O'10 for channels carrying up to Z^ cusecs. 


E 

~d 

Wi 

m2 

E 
~ d 

mi 

m2 

E 

d 


W2 


•0550 

•224 

•30 

•0858 

mu 

•60 

■1650 

•180 

•OJ 

•0551 

•224 

•31 

•088(.j 


•61 

•1683 

•180 

*02 

*0553 

•224 

•32 

•0903 

• 2 oe 

•62 

•1716 

•180 

*03 

•0556 

•224 

•33 

•0927 

•204 

•63 

•1760 

•179 

*04 

•0557 

•224 

•34 

•0951 

•2(3 

•64 

•1784 

•179 

*06 


•224 

•35 

•0976 


•65 

•1819 

•179 

*06 

•0563 

*223 

•36 


•201 

•66 

*1866 

*179 

.07 

•0567 

■223 

•37 

•1025 

•199 

*67 

•1893 

•179 

*08 

•0571 

•223 

•38 

•1050 

•198 

•68 

•1932 

•179 

•09 

•0576 

•223 

•39 

•1075 

*197 

•69 

•1972 

•179 

•10 

•0582 

•222 

•4(t 

•1100 

•196 

•70 

•2014 

•179 

•1] 

•0588 

•222 

•41 

•1125 

•195 

•71 

■2058 

•179 

•12 

•0595 

•222 

•42 

•1150 

•194 

*72 

•2104 

•179 

•13 

•0603 

•221 

•43 

•1175 

*192 

•73 

•2152 

•180 

•14 

•0612 

•221 

•44 

•1201 


•74 

•2202 

*180 

•16 

•0621 

•22(» 

•45 

•1227 

•m 

•75 

•2254 

•181 

•16 


*220 

•46 

•1253 

•189 

*76 

•2309 

•182 

•17 

•0642 

•219 

•47 

■1279 

•188 

•77 

•2368 

•183 

•18 


•219 

•48 

•1306 

•188 

•78 

*2431 

•184 

*19 


*218 

•49 

•1331 

•187 

*79 

•2499 

•185 


*0681 

*217 

•60 

■1358 

•186 

•80 

•2572 

•186 

•21 

•0696 

.217 

•51 

•1385 

*185 

•81 

•2649 

•188 

•22 

•0711 

.216 

•52 

•1412 

•184 

•82 

*2731 

•190 

•23 

•0727 

•215 

•53 

•1440 

'’•184 

•83 

•2818 

•193 

•24 


•214 

•54 

•1468 

•183 

•84 

•2911 

•196 

•26 

*0761 

•213 

■55 

•1497 

•183 

•86 

*3010 

•199 

*26 


•212 

•56 

•1526 

•182 

•86 

•3117 

•202 

*2? 


•211 

•57 

•1666 

•182 

•87 

•3238 

•206 

•28 



•58 

•1687 

•181 

•88 

•3376 

•210 

•29 



•59 

•1618 

•181 

•89 

•3546 

•214 


{Buckley's trrigation Pocket Boolk.) 
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Table showing values of mi and for Coefficient of Discharge, 
G =* 0’75 for channels carrying over .300 eusecs. 
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Dimensions of notches .—The readers of this book are not supposed to 
ever get a chance of working out the dimensions of notches themselves; and the 
methods used to find out dimensions are too difficult to be easily understood 
unless one is quite competent in higher theories of mathematics. We, therefore, 
give here a few tables of already calculated dimensions which can be usefully 
used for small distributary notches. 

Table of Notch dimensions for certain particular cases. 

Incomplete Falls. Kuttbe’s N=0‘026 


Height 

of 

fall. 

Discharge. 


Data 

• 

Restjlt^j. 

RE>f ABES. 

Bed. 

F. S. 
Depth. 

Bed 

Slope. 

b 

1 

s 

1*0 

10 

6 

1*6 

1 in 3636 

1*0 

0*5 


l-O 

20 

6*5 

2*2 


1*1 

0*55 


ro 

60 

10*6 

2*9 

1 in 4000 

1*87 

0*86 

6=Bottom width of 



12*5 

3*85 

99 

2*3 

1*05 

Notch. 

1*5 


6 

1*6 

1 in 3636 

1*26 

0*36 

«=Side slope ratio. 

1-5 

25 

9 

2*15 

] in 4000 

1*65 

0*525 

depth of water. 

1-6 

50 

10*6 

2*9 


2*1 

0*59 

T=Top width of 

1*5 


12*5 

3*85 


2*3 

0*736 

Notch. 








T=b-f25d. 

2*0 

30 

96 

2*35 

99 

1*60 

0*48 


2*0 

40 

10 

2*6 

99 

1*89 

0*49 


2*0 

60 

10*6 

2*9 

99 

2*3 

0*426 


2*0 

100 

12*5 

3*85 

99 

2*41 

0*63 


2-5 



3*10 

99 

2*16 

0*46 


2*6 

80 

■£SIJ 

3*6 

99 

2*5' 

0*40 


2-6 

120 


3*85 

1 in 4444 

3*25 

0*62 


2*5 

160 

17 

4*2 

99 

3*72 

0*41 


3*0 

70 

11*6 

3*30 

1 in 4000 

2*56 

0 19 


3*0 

90 

12*5 

3*7 

99 

3*04 

0*106 


3.0, 


16*6 

3-95 

1 in 4444 

3-82 

0.13 


3*0 

■ 

17*5 

4*35 

99 

3*97 

0*14 
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Table of Notch difnensio'ns for certain partic/ular cases. —conoid. 


(Any height) Complete Falls. (Ktjtteb’s N«=0 *026). 


Discharge. 


Data. 


Results. 

Rem ABES. 

Bed. 

F. S. 

Depth. 

Bed 

Slope. 

b 

r 

s 


6 

4-25 

1*4 

1 ill 3333 

0*84 

0*175 

6=Bottom width of 

10 

6 

1*6 . 

1 in 3636 

1*25 


Notch. 

15 

6 

1*95 

99 

1*26 

0*2 

a=Side slope ratio. 

20 

6*5 

2*2 

99 

1*21 

0*275 

d= depth of water. 

25 

9 

2-15 


1*46 

0*438 

T=Top width of 
Notch. 

30 

9*5 

2-35 

99 

1*60 

0*48 

T=b+2«£i. 

35 

10 

2-5 

99 

1*58 

0*50 


40 

10 

2*6 

99 

1*58 

0*50 


45 

10 

2*8 

99 

1*58 

0*50 


50 

10*5 

2*9 

99 

1*63 

0*516 


60 

11 

3*1 

99 

1*63 

0*546 


70 

11-6 

3*3 

99 

1*71 

0 67 


80 

12 

3*5 

99 

2*00 

0*60 


90 

12-5 

3-7 

99 

2-00 

0*63 


100 

12*5 

3*85 

99 

2-00 

0*63 

1 

120 

16 

3*86 

1 in 4444 

2*34 

0*78 


140 

17 

4*1 

99 

2*36 

0*96 


160 

17 

4*36 

99 

2*27 

0*99 


180 

18 

4*65 

99 

2*33 

1*02 


200 

18*5 

4*65 

99 

2*26 

1*05 



DISCHARGE OF WATER FROM ORIFICES. 


Q = quantity of discharge in c. ft. per second. 

A =ss area of orifice in sq. ft. 

V s= velocity due to the head of water in ft. per second. 
C constant for different velocities. 

Q =* C. A. V. 


VahiMs of O for different orifices :— 

Sharp edged orifioe with converging mouthpiece angle 
convergence 
Bell*mouth orifice 

Orifice in thin plate .. .. 


of 

C: 

0 * 

0 . 


*981 

*96 to *995 
*62 


a • 


e • 
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For narrow openings whose bottom is on a line with 
that of reservoir; for abrupt projections and square piers 
of bridges .. .. .. C = '86. 

For sluices with side walls .. .. .. C — *62. 

Hanbury Broton gives the following as approz values of C for sluices and 
regulaioT openings in masonry piers :— 

Ordinary lock slucies .. .. .. C = *62 

Small regulator openings with shallow water .. 0 ?= '57 

Regulator openings up to 6' wide with recesses in piers C == '62 
Ditto, between 6 ft. and 13 ft. wide .. .. C = *72 

Ditto, above 13 ft. wide .. .. .. C == ‘82 

Regulator openings upto 6' wide with straight and con¬ 
tinuous piers. .. .. .. C ■ ‘72 

FLOW OF WATER IN CHANNELS. 


KuUer's formula fur the flovj of water in open channels is :— 
V = 0 a/rs , where the value of coificient C is:— 


t * ^ 

n b 


• I / 1 m \ n 


With the formula in feet, the constants are t— 
a = 41‘6604676 
I = 1*8113260. 
m = {) '0028076. 

n == the values generally accepted for n (the coeflicient of roughness) are 
= 0 ‘009 for well planed timber in perfect order and alignment. 

= 0 '010 „ plaster in pure cement and other glazed surfaces. 

= 0 ‘Oil „ plaster in sand and cement; iron and other smooth pipes 
in good order. 

= 0‘012 „ unplaned timber. 

= 0*013 M ashlar and well-laid brick work. 

= 0'016 „ rough brickwork ; good stone work in fair order. 

= 0 *017 „ brick and stone work in inferior condition. 

= 0'020 „ rubble masonry, coarse brickwork and masonry. 

= 0*0226 „ canals in earth above the average in order and regimen. 

= 0*025 „ canals and rivers in earth in tolerably good order and regi¬ 
men. 

= 0 ‘0276 „ canals and rivers in earth below the average in order and 
regimen. 

= 0*030 „ canals and rivers in bad order and regimen. 

= 0*036 M canals and riyers obstructed by detritus and in bad order 
and z -'gimen. 

= 0 *050 „ torrents encumbered with detritus. 
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TahU showing valties of C in the aho^e formula. 


R 

in ft. 

s. 

1 in 1000 
or 

1 in 1000 

•5 in 1000 
or 

1 in 2000 

•Sin 1000 
or 

1 in 3333 

•16 in 1000 
or 

1 in 6667 

•1 in 1000 
or 

1 in 10000 

•Odin 1000 
or 

1 in 20000 

1*0 

62*6 

i 

1 

61*9 

61*2 

59*7 

68 *6 

66*7 

1*5 

68*8 

68*4 

67 *9 

66'8 

65*9 

63*8 

2*0 

73*2 

72*9 

72*6 

71*9 

71*2 

69*8 

2*6 

70*6 

76-4 

76*2 

76-8 

76*4 

74*6 

3*0 

79*2 

79 -2 

79*1 

79 0 

78*8 

78*6 

4 

83*3 

83*4 

83*6 

83*9 

84*2 

84*9 

5*0 

86*3 

86*0 

86*9 

87 -6 

88 *3 

89*9 

6*{) 

88*7 

89*1 

89-6 

90*6 

91*6 

93*9 

7*0 

90*7 

91 *1 

91-7 

93*1 

94*3 

97*3 

8*0 

92*3 

92-8 

93 *5 

95*2 

96*6 

100*3 

9 0 

93*7 

94*3 

95*1 

97*0 

98*6 

102*9 

10*0 

94*9 

95*6 ! 

96 -6 

i 98*5 

100 -4 

106*1 

iro 

96*0 

96*7 

97*7 

; 99*9 

102*0 

107*2 

12*0 

96*0 

97 *7 

1 

1 

98 -8 

1 101*2 

1 1 

1 1 

103*4 

1 

109-0 


Critical velocity = *84(2 


Tabic of Kennedy's critical velocities. 
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As a guide in grading new channels when the full standard silt proportion 
is carried, the following table giving approximate the least slope per 1000, which 
will ensure a mean velocity Vq and just avoid silting has been compiled from 
Kennedy’s diagrams. 


Disohabge Cubeo. 


Depth. 

10 

25 

50 

100 

200 

400 

600 

1000 

2000 

4000 

6000 

20 

•37 

•24 

• • 

• « 

• • 

• * 



ft ft 

ft ft 


2-6 

•56 

•30 

•22 

• • 

» • 

• • 






3 0 


•38 

•26 

•21 

9 • 

■ • 






3-6 



•31 

•23 

•19 

« « 






4-0 



•38 

•26 

•20 

•17 






4‘5 




•29 

•22 

•18 

•16 





5-0 




•33 

•24 

•19 

•17 

•16 




5-5 



* • 


•26 


•18 

•16 

•16 



6*0 



* , 


•29 

•22 

•19 

•17 

•16 

•14 








•24 

•21 

•18 

•16 

•16 

•14 






• • 

• • 

•23 

•20 
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Table showing n^imumsafe mean vebcUy in ehinn^» 


Material of the ohannel. 


Safe mean velocity 
in ft. per second. 


Light ordinary earth 2 *5 to 3 

Firm gravel or clay 3 '5 

Stifi clay 4 ’0 

Broken stone or clay 5'0 

Firm conglomerate 6 ‘0 to 7 *0 

Sound rock 10 '0 


In most Indian canals the maximum safe mean velocity does not exceed 
2^ to 3 feet per second. 

Table showing suitable side slopes in variotis kinds of earih. 


Angle of side 
slope. 

i 

1 

1 

1 

Batio of side 
i slope. 

Nature of banks. 

0 / 1 
63 '20 

to 1 

Alluvial soil, soft rock, firm gravel. 

46 -0 

1 to 1 

Alluvial soil, stiff earth or clay. 

33 '40 

li to 1 

Ordinary earth. 

26 *30 

2tol "I 


21 -48 

2itol > 

Loose earth, soft clay. 

18 -20 1 

1 3 to 1 J 



Ratio of Bed width to depth 


Let b be the bed width and d the depth of water in a canal. Then for a given 
discharge and given side slopes, there is a ratio of 6 to d which makes the area of 
cross section of the canal, and therefore the necessary excavation, a minimum. 
It is shown in text-books on Hydraulics that if n be the ratio of the side slopes, 
then the most economical ratio of 6 to d is as follows :— 

» 0 i 1*0 li 2 2i 3 

^ 2 1 *24 *82 *60 *48 *38 *32 


Tableof S and V S when 3=fall per 1000. 
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ExamsIiS—S upposing an outlet has a head of *8, and required discharge is 2*8 cusecs; then looMng 
vertically downwards, under head of 0*8 ft.to discharge 2*8 cusecs and in a horizontal line from 2*8: Area of orifice 
I found to be '625 orifice of outlet may be '62 X 1*0, to discharge 2*8 cusecs with a head of *8 ft. 
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DESIGN OF WEIRS. 

The safety is dependent on the following points :— 

1. The woir must be dimensioned to resist the overturning moment of the 
horizontal water pressure. 

2. The thickness, i,e. the weight of the apron or floor, must be such that 
it will be safe from being blown up or fractured by the hydrostatic pressure. 

3. The base length {L) must not be less than G Hy the product of the factor 
C with the head H. 

4. The length of masonry apron and its continuation in rip rap or concrete 
blocks must bo suflicient to prevent erosion. 

The following values of c have been adopted for specified classes of sand:— 

1. Riverbeds of light silt and sand of which 60% passes a 100 mesh sieve, 
peroolation factor C — 18. 

2. Fine micaceous sand of which 80% of the grain passes a 76 mesh sieve 
^ = 15. 

3. Coarse grained sand as is found in Central and South Indiac — 12. 

4. Boulders or shingles and gravel and sand mixed c = 9 to 5. 

Thickness of weir :— 



Where t = thickness of weir. 

H = extreme hydrostatic pressure. 
I = speciflc gravity of masonry. 
h = neutralization head. 

Lehqth of afore apron in a weir :— 

Where L »= length of apron. 

C and H as before. 
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FLOORS, THICKNESS AND LENGTH. 

I. Of submerged River Weirs on Sand, 


A minimum thickness for a floor can be taken as Vh, t.c., of the maximum 
' statical head which is the height of the weir plus that of the weir shutters. The 
, . 4 H—h 

formula is i submerged aprons or floors, in which H is the 


maximum statical head and h the loss of head due to percolation up to the- 
bcginning of the floor. 

The width of submerged river weir aprons or floors on sand foundations is a 
function not only of the height of the permanent obstruction, viz., that of the 
masonry weir wall, but also of the quality of the river sand represented by the 

so termed coefficient c, and is found by the formula W = 4c which 

H”^ is the height of shutter crest. For example, if if'*' be 12 feet and J[iver 

coefficient be of class 3, that is if c = 12, the width would be 4 X 12^/‘93 = 
48 X ’96 = 4G feet nearly. 


II. Canal Falls. 


The, thi ckness of the floor of canal falls without a sunk water cushion should 
be 'V/if+ d in which H is the height of the drop wall and d the depth of film, 
i.e. the depth of water above crest. The width of floor should be 2 (J?-ft/). 
The same applies to escape falls. 

HI. Weir Sluices and other partial Regulators on Sand. 

The floors of weir sluices are on the same level and subjected to the sauio 
hydrostatic pressure as those of river weirs, of which they foim an integral part 
consequently their thickness will be the same as that given to the weir apron. 


The head to which a weir sluice is subjected being the same as that on the 
weir apron, its floor could be made of the same length were it not for kinetic con¬ 
sideration, the rush of water through the sluices being very great; this length 

\j3a 

may be put down as 2W, or as = 8c • 

IV. Head Regulators or Intakes, 

The thickness of floor as a minimum should be “S/lf j, being the height 
of flood above regulator floor. Thus with flood level 26 feet above regulator 
floor, the thickness will be 6 feet. 

The abolition of water cushions renders it necessary that floors of large falls 
should be covered by durable stone set in cement mortar. Ashlar, with fine joints 
is the worst possible for the floor. 
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Tabu for Pier Thickness suitable for open Partial Regulators and Weir Sluices. 


Span. 

Thiokitsss fob depths of wateb. 

15 feet. 

20 feet. 

25 feet. 

30 feet. 

10 feet. 

2-6 

2-7 

2-9 

31 

16 feet. 

3*6 

3-9 

4*2 

4-5 

20 feet. 

4*6 

6*0 

5'4 

6*8 

25 feet. 

5 3 

6*0 

6-6 

7 0 


Blights Dams and Weirs. 

The above table, though purely empirical, will form a useful guide of thickness 
of Piers in open dams or partial Regulators. For canal heads subjected to a 
considerable Wd of water, the thickness of the piers should be 0*4 S. where 
S=span. 

If reinforced, very considerable reduction can be made in the thickness of 
piers, say f, but for this class of river work a heavy structure is obligatory. 

In the Ghenab Colony. 


1 Square 

s 25 Killas. 

1 Eilla 

1 1 Hi Acres. 

1 Acre 

8 Kanals. 

1 Kanal 

20 Marlas. 

1 Murla 

a 30j^ Sq. Yardsi 


In the Montgont&ry District, 

1 Rectangle^ 25 KiUas 
1 Killa » 1 Acre. 
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Tabic of orcas of {Ch^nab Canals)* 

Side 1,100 ft. area « 27*777 Say 27*80 acres. 


JNo. oi 
squares. 

Area I 
acres. <s 

No. of 
quares. 

Area 
acres, e 

No. of 
quares. 

Area 

acres. 

JNo. of 
squares. 

Area 

acres. 


6*9 

■ 

194*4 

13J 

376*0 

20*0 

556*6 

« 

i 

13*9 

u 

201*4 

i3i 

381*9 

204 

562*4 

1*0 

27*8 

74 

208*3 


388*9 

204 

569*4 

li 

34*7 

74 

216*3 

144 

396*8 

204 

576*4 


41*7 

8*0 

222*2 

144 

402*8 

21*0 

583*3 

*8 

li 

48*6 

84 

229*2 

14f 

409*7 

214 

690*3 

2*0 

56*6 

84 

236*1 


416*7 

214 

697*2 

2 i 

62*6 

H 

243*1 

164 

423*6 

214 

604*2 

2i 

69*4 

9*i 

260*0 

164 

430*6 

22*0 

611*1 

2 i 

76*4 

94 

266*9 

164 

437*6 

224 

618*1 

3*0 

83*4 

94 

263*9 


444*4 

224 

626*0 

3i 


94 

270*8 

164 

451*4 

22 J 

631*3 

34 

97*2 


277*8 

164 

458*3 

23*0 


3i 



284*7 

i 6 i 

465*3 

23i 

1 

645*8 

4*0 

111*1 


291*7 


472*2 

234 

652*8 

4i’ 

118*0 


298*6 

174 

479*2 

234 

669*7 

44 



306*6 

174 

486*1 

24*0 

666*7 

4i 

131*9 

114 

312*6 

174 

493*1 

244 

673*6 

6*0 

■m 

114 

319*4 


600*0 

244 

680*6 

6 i 

146*8 

Hi 

326*4 

184 

606*9 

244 

687*4 

54 

162*8 

12*0 

333*3 

; 184 

513*8 

1 26*0 

694*4 


169*7 

124 

340*3 

1 ^ 

620*8 

1 

P « 

6*C 

► 166*7 

124 

347*2 


I 627*8 


• • 

63 

t 173 *e 

12 i 

364*2 

193 

t 634*7 

} 

9 9 

a • 

6 i 

1 180*6 


1 361*1 

194 

r 541*7 

r 

9 9 

s a 

6 | 

^ 187 •£ 

» 134 

368*1 

194 

[ 648*C 

1 

a a 










Table showing cost of the principal canal systems in the Punjab tip to 1925. 
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THE DEVELOPMENT OF WATER POWER. 

Water-WHEELS. 


Undershot Wheel .—Float boartls radial or 


■WATER SURfACt 


UNDER SHOT 
mBEl c 



0>/EH SHOT WHEEL 

■f 





iuclined 20® towards current. 
When not used in tidal 
streams, breadth may equal 
or exceed diameter maxi* 
mum efficiency when velo¬ 
city of wheel equals half 
velocity of stream. Usual 
efficiency =’28 

Breast Wheel .—Floats 
surrounded or covered at 
the sides and curved to 
e form buckets. Breast woik 
of mascmiy built up round 
wheel as high as centre 
line. Streams led down a 
masonry slope to act on 
'^1 wheel by momentum and 
gravity. Suited for moderate 
supply of water and fall 
of 6 to 8 ft. Usual efficiency =*44. 

Overshot Wheel .—Floats formed into 
buckets. Water led in trough to trp 
of wheel. Ratio of width to diameltr 
usually small. Requires less water to 
drive it than the other forms and is 
more than twice the power of under¬ 
shot wheel of same size. Fall must not 
be less than the diameter of wheel. 

D = depth of shrouding. 

d — distance of buckets apart at 
periphery. 

length of start (Radial). 


X — angle of radius of bucket curve with radial line of wheel at points of 


bucket = 16® in Overshot or Breast wheels. 


I = 1J D in large wheels. 

= D in wheels under 25 ft. diameter. 
Usual efficiency a=*66. 
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Advantages of Turbines over Waier Wheels. 

The water wheels have been superseded by the turbines because — 

1 . The latter occupies small space. 

2 . The higher speed may be obtained. 

3. A wider choice in speed is possible. 

4. It can bo used under a wider range of head, whereas the head for 
an overshot wheel should be only a little more than the diameter of 
the wheel. 

5. A greater capacity may be obtained without excessive size. 

6 . It can work submerged. 

7. There is less trouble with ice. 

8 . It is usually cheaper. 

AdvarUages of Water Wheels over Turbines, 

For small plants the turbine is often poorly designed, cheaply made, unwisely 
selected and improperly set. It may thus be very inefficient and unsatisfactory. 
In such cases an overshot water wheel may be better. The latter has a very high 
efficiency when the water supply is much loss than its normal value. It is adopt¬ 
ed for heads from 10 to 40 ft. and from quantities of water from 2 to 30 cusecs. 

An overshot wheel on the Isles of Man is 72 ft. in diameter and develops 
150 H. P. Another in Troy in N&w York is 62 ft. in diameter, 22 ft. wide, weighs 
230iton8 and develops 660 H. P. 

Essentials of Waier Power Plant. 

A water power plant requires some or all of the following;— 

A dam which may create most of the head available for the plant or it may 
merely create a small portion of it and be erected primarily to provide a reservoir 
and to furnish a suitable intake for a pipe line. The body of water is called the 
head water (for construction of dam see page 492). 

The water may be conducted from the head water to the turbines by means 
of an open channel called a canal or flume or by means of a closed pipe under 
pressure which is called a penstock. 

Backs and screens are usually employed at the intake to the flume or pen¬ 
stock to keep rubbish being carried down to the wheels. The water at this 
point may be shut off by means of head gates. " 

The turbines with i1« case or pits and draft tube, if any, comprise the setting. 
The body of water that the turbine discharges into is called tail water. The 
channel conducting the water away is the Tail Race . 

Olassification of Turbines. 

Turbines are classified according to— 

K Action of water— 

(a) Impulse (or pressureless). 

(b) Reaction (or pressm .). 
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2. Direction of Flow— 

(а) Radial outward. 

(б) Radial inward. 

(c) Axial (or parali el). 

(d) Mixed. 

3. Position of Shaft— 

(а) Vertical. 

(б) Horizontal. 

Action of Water .—The Impulse turbine is a pressureless turbine (Tangential 
wheel or Pelton type) in which the head is converted into velocity and water 
acts on buckets on the periphery, The wheel is never filled with water. 

Reaction Type .—In this type all the passages are filled with water under 
variable pressure throughout the flow. 

Position of Shaft .—The horizontal shaft is more desirable on account of 
greater accessibility and less trouble. A vertical shaft turbine occupies less 
flow space, but often requires more excavation and a deeper building. The 
vertical shaft turbine is used where it is necessary to set the turbine down by the 
water while the generator or other machinery that it drives must be above. 

Draft Tube .—Occasionally reaction turbines have been set so as to discharge 
above tail water, in such cases the fall from the point of discharge water was 
lost. To avoid this loss turbines have been submerged below tail water level. 
By the use of draft tube it is possible to set the turbine above tail water without 
suffering any loss of head. 

The tangential water wheel is best adopted for high heads and relatively 
small quantities of water. By that is meant that the choice of the type is a 
junction of the capacity as well as the head. The efficiency of tangenti^ water 
wheels are obtained due to poor designs. 

Heads as high as 5,412 ft. have been used in Switzerland, developing 15,0^Ki^ 
H. P. though in majority of cases the head is below 1,000 ft. The Mashobra 
power house in Kashmir is of this type. 

The reaction turbine is adopted for low heads or a relatively large quantities 
of Water. Reaction turbines are used under heads as low as 16 inches, though 
4 to 6 ft. is usual for economical working (below which the Undershot water 
wheel or Breast wheel is better suited). The highest head employed for a reaction 
turbine is 670 ft., developing 6,000 H. P. at 514 Revolutions per minute. The 
largest unit so far develops 25,000 H. P. The power of the turbine depends 
not only on its size but also upon the head under which it operates. The turbine 
mentioned is the most powerfifl but not the largest in point of size. The largest 
turbine is of 10,000 H. P. The diameter of the runner is about 16 ft. and the 
height 12 ft. and the weight about 144,000 lbs. The total weight of the rotating 
parts including the generator is 550,000 lbs. The average head is 30 ft. and the 
speed 577 Revolutions per minute. This last case is of vertical shaft. 

The smallest head under which a turbine of any size is working in India is 
5} ft. at Renala, developed by Sir Ganga Ram. The output is 200 B. H. P. 

The efficiency from average turbines is 80 to 85%. For large capacities 
and under favourable condition up to 90 per cent, may be obtainecL For small 
power under unfavourable conditions hardly 75% or less is obtained. 
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General Laws of Constants. 


^ ~ c ghr. 

Whore Q =* discharge through an oritice in cascos. 
c = a constant, 
h = The head in ft. 

. •. discharge varies as 

Since the power of each unit volume of water varies as the head and since 
the amount of water discharged varies as the square root of the head it must 
bo true that the power in-put of given turbine under variable head varies as the 
throe half powers of the head. ^ X ‘\/h. 

It is customary usually to rate the turbine on a 1 foot fall bases and accord¬ 
ingly the out-put at head required can be determined as follows:— 

N - N, va: 

Q “ Q 1 'v/a. 

H. p. - (H. P.) 1 X A^ 

Specific Spe ^.—In order to establish a relation between the out-put head, 
speed, a special commercial term has been evolved and is known as specific speed. 
This takes into account all constants and is expressed by the following formula :— 

Ng = I Note h^ =h X VVfi 

h^ ^ 

This expression is very useful and is briefly stated that in a turbine run under 
1 foot head the diameter was such as to produce I H. P. the N will equal 

This will at once show to what class the turbine belongs. Some manufacturers 
denote this symbol as and numerous others. 

As stated above this expression takes in to account all variable and constants 
including the efficiency and gives power expected under various heads, also the 
speed at which it will run. 

The usual value of N^ for a tangential water wheel is from 3*5 to 5. This 

may run as high as 5 or 6, though the latter involves some sacrifice of efficiency. 
With the reaction turbine the minimum value of that has been attained is 

10, while the maximum value is 100, Usually it is between 20 or 30 and up to 
about 85. 
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Selection of Turbine. 

Before starting any calculations it is be st to deternrine the value of This 

can be easily done, as in all problems the head is known, also the power required, 
and for the speed that will be determined by the type of machinery is to be run 
with it. Hence it is an easy matter to determine the specific speeds. As soon 
as the specific speed is determined this will automatically determine the type 
required. 

Illustrations .'—Fora turbine of 2,CTO H. P. 1,0(0 licvolutions per minute 
under 1,600 ft. head, the values of = 4'42. Thus a very low speed turbine, the 

tangential water wheel is rtquired. The actual Revolution per minute however 
is high. 

For a 5,000 H. P. turbine at 100 R. P. M. under 30 ft. head = 80*3. 

Thus a high speed reaction turbine is indicated, though the actual R. P. M. 
may be relatively loAV. 

Suppose a 12 H. P. turbine is to run at 100 R. P. M. under 36 ft. head. 
The value of specific speed is .3 ‘05, which means tangential water wheel is required. 
For the larger power under same condition8 in the prttccding < xample, a reaction 
turbine was required. Tf the speed in this ease were 6(!() R. P. M., a low speed 
rt action turbine would be necessary; would equal 23*6. 

Suppose that a 20 H. P. turbine is to run at 300 R. P. M. under a 60 ft. 
head, the value of is 8'04 and that would require a tangential water wheel 

with two nozzles {i.e. 4*02 per nozzle). 

If a 10,000 H. P. is required at 300 R. P. M. under a 60 ft. head the value 
of would be 179*5. As this is an impossible value, it would be necessary to 

reduce the speed or to divide the power up among at least 4 units of 2,500 each. 
This can also be accomplished by mounting all thcsci units on one shaft and 
have a turbine of 4 runner on shaft, so that the electrical or other machinery is 
driven from one shaft. 

Possible Choice .—It has been shown that if the speed and power under a 
given head are fixed, the type of turbine necessary is determined. It may be 
possible to very the specific speed through a considerable range of values. Now 
suppose the speed is fixed, the power such as 20,000 H, P. may be developed 
in a single unit, in two units of 10,000 H. P. each or 8 units of 2,^0 H. P. each. 
For all then we have different f^pes of runners required. Where both the speed 
and power are changeable then the choice becomes very wide. 

As an example 500 H. P, may be required under 140 ft. head. Suppose 
this power be divided up in two runners and the speed to be 120 R. P. M. The 
value of No is then 4 *12 which shows that is double overshot tangential water 

which is required or the power developed in a single runner at 600 R. P. M., 
the value of N^ would be 29*2 which would call for a reaction turbine. 

It is customary to choose a speed between certain limits as neither very low 
nor very highspeed is desirable. Also the number of units into which a given 
power is divided is limited. 
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Oeneral Formula. {Moke worth)t 


A 1 
Ubi^ 




rasRadias at entrance in ft. \ > \ 

R* „ „ exit in ft. ,1 o 

aaoGnide ai^;le. Vj% 

^ 9 = 3 Entrance angle. l^o 

yasExit angle. '><^1 

p *i€suaUy«l *2 in out- ^ ‘ 

^ r ^ V ^ 

ward; **‘83 in inward. A*t 1 

Q=sc. ft. of water per aecond A | S 

Hsshead of water in ft. 11 * 

V=svelooity of water at guides i 

due to the head in ft. per ’• j ^ 

seconds‘95 theoretical f». / 

velocity due to head i* \ / 

“7‘62y'Hr 

JL o 

v=velocity of periphery of 5 

turbine at entrance s *6 V 1^ 1 

usually. h I 

nsnumber of vanes. f ‘ ® 

^number of guides. 

The Development of Water Power. 

Useful Data :—(Approx). 

1 . Flow. 

1 cusec flow sic. ft. per second = 62‘4 lbs. per second. 

s 60 c. ft. per minute s 3,744 lbs. per minute, 
s 374 gallons per minute. 

= 3,600 c. ft. per hour. 

= 86,400 c. ft. per day. 

= 2‘6 million c. ft. per month. 

= 31^^ million c. ft. per year. 

GaRons per minute s cusecs X 374. 

^_ gallons per minute. 

Cjiisccs ■ 1 ^ 




iLt'CTy 
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2. Regulating Storage, 


100,000 0 . ft. stored will give 1*16 cusecs for 24 hours. 

,, ,» », »» f» »» »» 12 hours. 

,, ,p »» »» »t p, „ 6 hours, 

pp fp pp pp pp pp pp d hours, 

pp pp pp pp pp 27J pp pp 1 hour. 

3. Main Storage. 

31| million c. ft. stored is equivalent to 1 cusec for a year ; but owing to 
evaporation and percolation more storage would actually be required. 


1,000 million o. ft. stored will give 30 cusecs for a year. 

tp pp 

99 99 99 

40 

99 

Pp 9 months. 

pp -PP 

99 99 99 

60 

99 

pp 6 months. 

pp pp 

99 99 99 

90 

9 9 

„ 4 months. 

pp pp 

99 99 99 

120 

99 

p, 3 months. 


4. Reservoirs. 


1 acre =» 43p660 sq. ft. 

1 acre of water 1 ft. deep = 43,560 c. ft. =1 acre ft. 

1 square mile = 640 acres » 27 *88 million sq. ft. 

1 sq. mile of water 1 foot deep = 1 square mile foot = 27*88 million c. ft., 
which will (in practice) give a flow of about i cusec for 12 months, 2J ouseos pe** 
4 months, or 3 cusecs for 3 months. 

Power from flow. 


„ Q X F X W 

Horse power =-- 

^ (Theoretical H. P.) 

O O 

Where Q » discharge ih c. ft. per second. 

W s=» weight of one c, ft. of water *= 62*5 lbs. 
F = net fall of water in ft. 


For all practical purposes use the following:— 

Q F 

(а) for laiger schemes H. P. *=——, this gives an efficiency of 80% 

(б) for small projects H. P. =9.^.?:, this gives an efficiency of 60%. 
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Power from Storage. 

(a) Kegalating of .torago c, ft. etoredX headin ft. 

= eleotrio H. P. hours. 

If the divisor is 56, the result is in K. W. hours or B. 0. T. Units. 
,., _ - . Millions c. ft. stored X head in ft. 

(b) Mam-*-- ^^70 -- 

= electric H. P. years. 

If the divisor is 500, the result is in K. W. years. 

Millions c. ft. X head in ft. X 17 = B. 0. T. Units. 

Admissible Cost of Hydbaulic Development (Appbox.). 


Assume that 10,000 electric H. P. is required for use in a certain district and 
that the alternatives are steam and water power. Two cases may be assumed, 
■i.e., water power on the spot, transmission of 50 miles. As regards fuel three 
prices have been taken, i. e ., Rs. 8, Rs. 10 and Rs. 24 per ton. Four character¬ 
istic load factors will also be taken, i. e., 20%, 40%, 60% and 80% with modern 
boilers and steam turbines, using good coal, an average consumption of 1^ lbs. 
per electric H, P. hours generated may be taken. Allow 10% for interest and de¬ 
preciation. Divide the figures in column by 10,000 which gives this as the per¬ 
missible capital cost per electric H. P. installed when there is no transmission. 
Next assume a transmission of 50 miles with 10% loss of power. The cost of 
transmission line is Rs. 10,000 per mile. But to deliver 10,000 eleotrio II. P, 
while losing 10% the plant must be of 11,200 electric H. P. and an extra capital 
cost of this at Rs. 100 per electric H. P. (1 *2 lakhs) is further deducted in column 
7. The values so obtained, divided by 11,200 give the permissible cost of the 
Iiydraulic development per electric H. P. installed in column 8. 



Admissible Cost op Hydraulic Development (Approx.). 
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Jammu and Kashmir Hydro-Elbotbio Works. 


Undertaking. 

Jummu Power 
Installation. 

Jhelum River. 

! 

Location 

Jammu, Tawi. 

Mohora, Kashmir 
Road. 

Source of water 

Ranbir Canal. 

Rapids in Jhelum. 

Minimum perennial flow, cusecs 

500 

4,000 

Storage 

Nil 

Nil 

W orkiug head in ft. 

'2o 

390 

Length of open channel 

Nil 

miles. 

Ctepacity of channel’s ousees 

1 

• • 

560 

Length of pipe line in ft. 

Nil open stock. 

750 

Plant installed K. W. 

670 i 

4,000 

Ultimate capacity continuous 
power K. W. 

S.'IO 

1 

105,000 on minimum 
flow and 14,500 on 
present open channel 


United Provinces Hydro-Electric Works. 


Undertaking. 

I Ganges Head 

Works Supply. 

Mussoorie-Hehra 
Municipal H.E.Scheme 

Location l 

Bahadrabad 

3 miles from 
Mussoorie. 

Source of water 

Two falls in the 
Ganges Canal. 

Two hill streams. 

Minimum pcreninal flow 

3,000 

8 

Working head • 

19 

1,000 

Length of open channel 

Short diversion. 

Nil 

Length of pipe line 

Nil 

4,350 

Plant^installed K. W. 

450 

1,790 

Ultimate capacity of site 

3,800 

630 on mini¬ 
mum flow. 



Bombay Hydro-Electbic Works. 
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Plant installed K. W. .. 50,000 1,024 1,570 
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SANITARY ENGINEERING. 

WATER WORKS. 

As soon as the daily consumption per head and the population of a town is 
known we proceed to design the following;— 

Storage Reservoirs. 

Before constructing a storage reservoir, it is necessary to ascertain the prob¬ 
able available rainfall of the catchment area of the reservoir contemplated. From 
this the daily supply in gallons G can be found by the formula. 

G=6216 A (^Rp-E.) * 

where A=area in acres. 

R=mean rainfall in inches, and 
E=1 o8s by evaporation, percolation, etc. 

A more reliable method is to gauge the discharge of the stream. 

Hawkesley’s rule for storage:— 

F=mean annual rainfall in inches of throe consecutive dry years say 
{ of average rainfall. 

D== number of day’s supply to be stored=li222 

Storage reservoirs are formed by means of dams constructed across valleys. 
The types of dams generally used are— 

(i) Earthen dams; and 

(ii) Masonry dams. 

(i) Earthen dams :— 

For dams of height between 50 and 75 feet. 

Crest of dam =6 to 7 feet above the high water level. 

Width at top = 10 to 20 feet. 

Upstream slope =3 to 1. 

Downstream slope=2 to 1.. 

For low dams, i.c., 15 feet hijrh and under:— 

Crest of dam =4 to 6 feet. 

Width at top =7 to 10 feet. 

Upstream slope =2 to 1. 

Downstream slope=li to 1. 

For dams of height between 15 and 50 feet the dimensions may be interme* 
diate between the foregoing; and 

For dams above 75 feet height the embankment should be reinforced by 
adding dry stone toes to the slopes. 

EARTHEN DAM WTH CENTRAL PUDDLE CORE. 



* ** Water Supply ” W. Pole, page 44, 
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Where earth slopes are liable to damage by wave action, reinforced concrete 
is a good protection. 

Earthen dams with masonry core walls:— 

In earthen dams with puddle surface, the puddle is liable to slide and crack 
when the water level in the reservoir is low or the embankment settles, and hence 
it is no longer water-tight. The puddle core is better. But with masonry core 
wall this argument does not apply and the upstream half of the dam only serves 
to support the wall when the reservoir is empty. 

KAIR TANK DAM 



Masonry core wall cannot be built except on concrete foundations, it in 
better to substitute a masonry dam. 


(n) Masonry dams— 

(a) Low masonry dams:— 

H = height of dam at 
water level. 

A = width of base of 
dam. 

B=width at top and 

H 

at 



W=weight of masonry per cubic feet. 


If w = 

.. 120 

1,30 

140 

150 

Then B= 

.. -laH 

•175H 

•17H 

•165H 

and A = 

.. •72H 

•70H 

•68H 

•6CH 


lbs., per c. ft. 
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(6) High masonry dams;— 

H=height of dam in feet. 

6 = width of dam at water level. 

H 

rt=width of dam at t 


A=offset on upstream. 

B=offsct on downstream. 

P=maximum pressure in masonry in 
tons per square foot. 


Then B= 


V -OoHS 
P+-03H 


and A=(<!|Hy 



But the minimum value of B should in no case be less than ’BH. 

To keep the resultant within the middle tliird B— , S being the specific 
gravity of masonry. 

Rubble masonry is in all eases preferable to regularly coursed masonry for 
dams as the irregularity of joints gives a better protection against leaks. The 
stones should be carefully dressed and laid in cement. All spaces should be filled 
with stones no matter how small, and no grouting should be allowed under any 
circumstances. 


The intensity of pressure on the inner face with the reservoir empty and on 
the outer face when full shall at no point exceed the safe limit, ».e., 9 tons p^r 
s<p ft. on the inner aide and 7 tons per sq. ft. on the outer face. Tension on the 
face must bo inner, avoided at all costs by the lino of resistance falling in the 
middle third of the base and all sections. 


A slight ciivvaturo in plan without being considered as allowing the dam to 
depart from a true gravity dam is an advantage. 
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2 . Settling Tanka. 

The heavy matters in suspension are got rid of by means of settling tanks 
and only lighter and finer particles are removed by filtration. 

Method of working:—The systems in use are :— 

(t) Intermittent system. 

{%%) Continuous system. 

(t) In the intermittent system the bottom of the settling basins must be 
at a higher level than the filter beds, involving an increased lift for the pumps. 
Besides, this system requires more basins, «.e., they are designed for 25 %in excess, 
to allow for cleaning the sediments. 

(tt) In the continuous system larger quantity of water can be cleaned 
in a given time and only requires the overflowing top water level to be a little 
higher than the filter beds to provide the flow to them by gravitation; but it 
is essential that the settling tanks should be made in a series of 1 ong, narrow 
sections, 

3. FiUera. 

The finer particles of matter still remaining in suspension are removed by 
means of filters. 

Slow Filtration through sand :— 

The sand filter beds are made of moderate size, having a water-tight bottom of 
impermeable soil puddled clay, concrete or brickwork and generally left open at 
the top. The filter beds consist of a bed of sand at the top, resting upon a layer 
of coarse sand or fine gravel, supported by a layer of coarse gravel or small stones, 
which is underlaid by rubble stone, or two or more courses of bricks laid dry 
with intervals between them. A satisfactory and inexpensive method is to cover 
the floor with transverse rows of bricks laid dry end to end with a space of 4^' 
between each row. These are then completely covered with bricks laid dry at 
right angles to the rows. A series of channels are formed. 

A new filter is pervious to bacteria until a film of slime forms on the smfac c. 

The head should not exceed 3 feet, although maximum upto 0 feet has been 
used in U. S. A. with satisfactory results. 

Allow 1 square foot of filter for each 1 to 2 gallons per hour, with due allow 
ance of spare units for cleaning, etc. 

Filter Calcutta Water Works. 
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4. CoUecting Reservoirs. 

The water is conveyed from the filters to the collecting tanks by means of 
pipes. They are generally formed by excavating them in the ground. The most 
economical method consists in partially excavating them and employing the 
excavated material to form embankment for enclosing the upper portion of the 
reservoir. A plan of a collecting reservoir is given on page 709, Part II. 

The water is then pumped to Service Reservoirs for distribution through 
C. I. mains. 

Service tanks should be capable of holding 3 days supply. 

Use of water tower .—If the source is below the level of the main service re¬ 
servoir the water must be pumped through a rising main. If any high ground 
exists near the source, it is sometimes preferable to pump to a water tower and 
gravitate th'mce to the main service reservoir rather than pump the whole 
distance. 

Supplies off rising main should be avoided. To reduce the friction and the 
work done by the pumps, the rising main should be straight and where bends are 
necessary they should be as slight as possible. 90° or 4o° bends should bo 
avoided. 45° branches can be used instead of Tees. 

Hardness of Water. 

When a water contains in solution one part by weight of lime or other 
equivalent hardening salt in 100,000 parts of water, it is said to possess 1° of 
hardness. 

Water of less than 6° of hardness softens lead to an extent and is dangerous to 
health if used for domestic purposes. 

Water is said to be hard when it contains more than 7 grams of dissolved 
mineral matter per gallon. 

Carbonate of lime produces temporary hardness in AVater and sulphate iff 
lime produces permanent hardness. 

Parts carbonate lime per 100,000 water Xfo —grains per imperial gallon 
or degrees of hardness on Clark’s Scale. 

Standard of Purity. 

Total hardness in practice varies from 0 to .30 degrees ; 5 degrees is generally 
considered best. Water containing more than the following quantitic's of 
impurities per 100,000 should be looked upon with suspicion:— 

Chlorino 1 part Nitrites 0*2 part Nitrates 0‘3 parts. 

Ammonia 0*1 port Organic Carbon 2 parts Organic Nitrogen .3 parts 

and Albumenoid Ammonia O'Ol part. 

Test of Water. 

Simple and ready tests for rough analysis:— 

Sewage .—Four drops of a solution of potash (Conoly’s Fluid) to a small glass 
of water, the colour turns pale or yellow if decomposed organic matter is 
present. 

Lem .—Six drops of sulphuric acid in a small glass of water, white precipi¬ 
tate will be found if lead is present. 

Zinc .—Six drops offerro-oy* riid of potassium to small glass of water will 
turn it green if zinc is present. 
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Copper .—Eight drops of ammonia in a small glass of water, water turns 
blue if copper is present. 

Purification of water by Calcium Hypochlorite {or Chlorine). 

If the crude water is fairly free from suspended matter of an organic nature 
1 part of chlorine per 1,000,000 serves to destroy all germs. It has been proved 
in laboratory that 10 to 15 drops of chlorine water, stirred into a tumbler 
full of water will extinguish every trace of life. Prefiltration is necessary When 
the organic matter is in suspension. If it bo in solution and irremovable by 
coagulent then more chlorine must be added. The addition of 1*1 
gallon of the chemical at the pumping station reduces the bacteria by 99'8 %. 

The following should be carefully .noted in connection with pipes for water 
W’orks:— 


(i) Discharge should be in gallons per minute. 

(u) Diameter of pipe should be taken as internal dia, and should be in 
ins. 

{Hi) Length of pipe should be in feet. 

{iv) Head of water should also be in feet. 

G2x L 
^ 729 D2 

Where G=Discharge in gallons per minute. 

D=Diameter in inches. 

L=Length in feet. 

H^sHead in feet. 


Enample .—It is required to find the head for a discharge of 300 gallons per 
minute through a S'" pipe for a pipe length of 1037 feet. 

The following tables give *3^62 feet head for 100 feet length 
. '.Total head for 1037 ft =>—-=3*901 feet. 

For discharges not given in the table the answer will be in proportion of 

(32/Oi^ *901 

their squares. Thus, if the discharge is 320 gallons then head«— a — 
or 4*438 feet. 


In fixing the diameter of pipes for supplying cities, it is necessary to bear in 
mind the maximum hourly demand' of water, for domestic porpdses may become 
3 times the average hotudy demand. Again, during summer months much more 
water is Used than in winter and this necessitates stiU larger diameter. 
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Water Works Table. 


D. or 




G. or 

Gallons per minute. 




Diam. 
of pipe 
in 


h 

1 

1 

D 


If 

2 

2i 

3 

H 

inches. 


H. 

or Head used 

in a pipe for 100 lineal feet. 



Inches. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet. I 

feet. 

feet. 

feet. 

feet. 

feet. 

1 


1*097 

2-469 

4-389 



13-44 

17-66 

26-83 

39-51 

63-76 

1 


•1440 

•326 

•578 


||r^ 

1-774 

2-312 

3-540 

5-202 

7-080 

1 

•0086 

•0342 

•077 

•1368 

•2138 


•4199 

•6472 

•8552 

1-232 

3-280 

u 

•0028 

•0112 

•026 

•0449 



•1375 

•1796 

■2796 


•5500 


•0011 

•0044 

•010 

•0181 

•0281' 

•0407 

EIM4 

•0724 

•1120 

•1629 

•2217 

H 

•0005 

•0020 

•0046 

•0083 

•0129 

•0187 


•0332 




2 


•0003 

•0029 

•0043 






•0386 

•0527 

3 


« • 

•0008 

•0014 









• • 

• • 

•0005 




•0022 


•0051 


4 


• • 

• • 

• • 

• « 

• • 

• m 

•0005 

•0008 

•0012 

,•0016 

5 


• • 

» t 

f • 

« • 

• • 

9 • 

■ • 

t • 




Diam. 









1 


of pipe 
in 

4 

6 

6 

7 j 

8 

9 

10 

1 

11 

12 1 13 

1 

( 

14 


inches. 


G. or Gallons per minute. 


H. or Head used in a pipe per 100 lineal feet. 


Inches. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet. 

1 

2 193 

3-426 

• a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

n 

•718 

1-100 

• • 

a a 

a a 

a a 

a a 

a a 

a a 

• • 

■ a 

14 

•289 

■4613 

a a 

a a 

• • 

a a 

a a 

a a 

a a 

a a 

t a 

If 

•1328 

•2032 

• • 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

2 


•107 

•1543 

•2100 

•2733 

•3470 

•4282 

•5187 

•6173 

•7246 

•8403 

3 


•0121 

•0203 

•0477 

•0360 

•0473 

•0664 


•0812 

•0963 

•1105 

4 


•0032 

•0046 

•0067 

•0083 

•0107 

•0134 


•0193 

•0226 

•0268 

5 


•0011 

•0016 

•0022 

•0027 

•0036 



•0061 

•0073 

•0084 

6 


•0004 

•0006 

•0009 

•0010 

•0014 



•0024 

•0029 

•0033 

7 


•0002 

•0004 

■0004 

•0005 

•0007 



StTIlV 

•0014 

•0016 

8 

• • 

• • 

•0002 

•0002 

*0003 

•0004 




•0007 

•0008 

9- 

» « 

• • 

• a 

•0001 

•0001 

•0001 




•0003 

•0004 

10 

• • 

• • 

a a 

a a 

a a 

a a 



B!o 

•0002 

•0002 

11 

• • 

• • 

a a 

4 

a a 

a a 

.. 

.. 

.. 

•0001 

•0001 
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Water Works Table. —contd. 


D. or 
Diam. 
of pipe 
in 

iaches. 


Inches. 

2 

:i 

4 


G. or Gallons per minute. 


D. or 
Diam. 
of pipe 
in 

inches. 



15 

16 

17 

18 


H. 

or Head used 

feet. 

feet. 

feet. 

feet. 

•9646 

1-097 

1-239 

1 -389 

•1269 

•1444 

•1630 

•1827 

•0302 

•0343 

•0387 

•0434 

0097 

•0110 

•0123 

•0129 

•0038 

•0044 

•0049 

•0055 

•0018 

•tM)20 

•0023 

•0026 

•0009 

•0010 

•0012 

•0013 

0005 

•0005 

•0006 

•0006 

0002 

•0003 

•0503 

•0003 

0001 

•0002 

•0002 

•0002 


in a pipe per 100 lineal feet. 


feet, ifeet. feet. I feet. Ifeet. 




•0483 -05361 -0690 -0648 *0708 -0772 ‘0837 
•0158 -0172 *0194 *0208 *0232 *0244 *0274 
•(X)63 -0070 -0079 *0080 -0093 *0096 -0110 
•0029 *0032 *0035 *0040 *0043 ’0044 *0051 
•0015 -OOIG -OOIO -0020 -0022 -0028-0026 
•0008;-0009 -0010 -0011 -0012 -0014-0015 
•0005' -0006 -0005 *0006 -0007 -0007 -0008 
•0003 -0003 -0003 *0004 -0004 *0004 W()5 


G. or Gallons j)er minute. 



28 I 29 


30 35 



50 60 70 8 




feet. 

•0904 

•0292 

•0106 

•0056 

•0028 

•0014 

•0008 

•0005 

•0003 

•0002 

•0001 


feet. 

•0976 

•0300 

•0128 

•0059 

•0036 

•0010 

•0008 

•0000 

•0004 

•0002 

•0002 


foot. 

•1072 

•0336 

•0132 

•0064 

•0032 

•0018 

•0011 

•0006 

•0004 

•0002 

•0002 


feet. I 
•1126 
•0369 
•0148 
•0068 
•0035 
•0020 
•0011 
•0006 
-0005 
•0003 
•0002 


feet. 

•1205 

•0395 

‘0158 

•0073 

•0037 

•0021 

•0012 

•0007 

•0005 

•0003 

•0002 

•0001 


feet. 

1640 

■0537 

•0215 

•0099 

•0050 

•0029 

•0016 

•0010 

•0007 

0004 

•0003 

•0002 

•0001 


feet Iteel. i feet.I feet.(feet. 


0288 

0124 

0064 

0035 

0021 

0014 

0008 

0006 

0004 

0003 

0002 

0001 


•(H41 

■0204 

•0103 

•0058 

•0034 

•0021 

•0013 

•0009 

•0006 

•0005 

•0003 

■0002 

•00021 

•0001 


•0635 -0864 -1128 
•0294 -0400 -0524 
•0150 -0205 *0276 
•0084 -0114 -0148 
•0049 0067 -0088 
•0031 -0042 -0066 
•0019 *0027 *0032 
•0013 -0018 -0024 
1*0009 *0012 -0016 
•0006 *0009 -0012 
•0005 *0006 *0008 
*0004 *0004 ’0005 
•0003 *0003 *0004 
•0002| *0002 '0003 
•00011*0002 -0003 
.. I-0001 *0002 
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Water Works Table —concld. 


J}. or 


G 

. or Gallons per minute. 




Diai^. 
of pipe 
in 

90 

100 

1 

2J0 1 

i 

300 

400 

500 

1 

600 

700 

inches. 


H. or Head used 

in a pipe for 100 lineal feet. 


Inches. 

feet. 

feet.. 

teet. 

feet. 

feet. 

1 

feet. 

feet. 

feet. 

6 

•1429 

•1764 

•7056 

1-587 

2 829 

4-41 

6-350 

8-644 

7 

•0661 

•0816 

•3264 

•7344 

1-305 

2-04 

2-938 

4-000 

8 

•0339 

■0418 1 

1 

•1272 

•3762 

•6698 

1-04 

1-505 

2 051 

9 

•0188 

•0232 i 

j 

•0928 

•2088 

•3712 

•58 

: -8362 

! 1138 

10 

•0110 

•0137 1 

1 

•0548 

•1253 

•2195 

•3425 

•4932 

1 

•6720 

11 

•1)069 

•0086 i 

•0340 1 

•0765 

•1360 

•2125 

•3060 

•4165 

12 

•004.3 

•0063 i 

•0212 

•0477 

•0882 I 

1 -1325 

•1006 

•2700 

13 

•0030 

•0037 

J -0148 

•0333 

•0592 

•0925 

•1332 

1 

•1813 

14 

•0020 

•0025 

•0100 

•0226 

•0408 

•0626 

•0900 

•1249 

16 

•0014 

•0018 

•0072 

•0162 

•0289 

•0150 

•0648 

•0882 

16 

•0010 

•0013 

•0062 

•0119 

•0209 

•0326 

•0468 

•0641 

17 

•0007 

•0009 

•0036 

•0081 

•0164 

r 

•0226 

•0324 

•0441 

18 

•0006 

•0007 

•0028 

•0063 

•0116 

•0175 

•0262 

•0367 

10 

•0004 

•0006 

•0020 

•0046 

•0080 

•0126 1 

1 

•0180 

•0246 

ao 

•0003 

•0004 

•0016 

•0036 

•0068 

•0100 

•0146 

•0210 

21 

•0002 

•0003 

•0012 j 

•0027 

•0064 

•0076 

•0108 

‘0164 



Discharge of Cast Iron Pipe by 

in gal 
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'.utter*s Formula mih A'^.nOlS Discharge 
i« per minute. 


1/300 

o 

1 

__ 

1/375 

ll*a 

|M« 

1/450 

34 

• • 

3i 

4 • 

2 3 

1 

• » 

1 29 

1 

• 

• • 

5 

5 

64 

6] 

51 

91 57 

55 

52 

107 

102 

91 

) 95 

92 

87 

1G4 

158 

loi 

! 146^ 

142 

137 

239 

229 

221 

1 

213 

206 

194 

331 

318 

306 

2961 

286 

270 

443 

426 

410 

396l 

1 

383 

361 

73o 

706 

6S(» 

I 

636| 

625 

598 

1125 

1080 

1040 

HX>3i 

1 

972 

916 

1359 

1305 

1256 

13141 

1 

1174 

HOC 

16231' 

1 

1559 

ir>oi 

1449 

1 

I 

1371 

1321 

22411 

< 

2152 

2071 

2001 


1935 

1827 

2988i 

1 

2872| 

2766 

2669 


2584 

2435 

3415| 

I 

( 

• » 

3158 

• • 


2956 

2783 

3877 

• • 

3436 

■ • 


3352 

• • 

4916 

4723 

4545 

• « 


425() 

• • 

• • 

• • 

• 4 

• • 


5283 

4977 

• • 

• • 

• • 

• • 


5862 

5514 

• • 


• • 

• • 

M* 
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Discharge of Cast Iron Pipe by Kvtter'a Formula mth N. ssOlS Discharge 

in gallons per minute —concluded. 


"T 

*8 

ed 

s 

r- 

1/500 

1/525 

1/550 

»c 

t- 

1/600 

1/625 

s 

CO 


o 

1/725 

s 

3 

4 

• • 


• • 

1 

i •. I 

] 

1 

• * 

« • 

• - 

• • 

• • 

• • 

« • 

• • 

5 

i • * 

51 


« • 

«« i 

* * 1 

• • 

• • 

• , 

• • 

• • 

• • 

* • 

• • 

i) 

84 

82 

80 

78 

77 

75 

73 

72 

• • 

• • 

• • 

• • 

7 

130 

127 

123 

120 

118 

115 

113 

110 

108 

106 

104 

103 

8 

189i 

! 

184 

179 

175 

171 

168 

164 

161 

158 

! 

155 

152 

1 

1 

1 149 

9 

2621 

255 

249 

244 

238 

233 

226 

223 

219 

215| 

211 

2(>7 

10 

351; 

342 

334 

326 

1 

319 

312 

305 

299 

290 

i 

288 

283; 

278 

1 

12 

582 

567 

553 

541 

528 

517 

506 

496 

486 

478 

469 

461 

14 

898 

869 

846 

826 

803 

791 

775 

759 

740 

731 

1 717 


15 

1076 

1049 

1023 

1000 

977 

956 

937 

918 

900 

1 

884 

867 


16 

1284 

1236 

1201 

1193 

1166 

1141 

1118 

1095 

1075 

1054 

1036 


18 

1774 

i 

1729 

1687 

1648 

• • 

1576 

1544 

1513 

1485 

1457 

1431 

1406 

20 

2368 

2308 

• « 

» • 

• • 

• • 

• • 


» • 

1945 

• • 

• « 

21 

2706' 

2636 

2571 

2513 

2457 

2403 

• • 

1 

2308 

1 * * 

2222 

• • 

• • 

22 

• • 

■ • 

• • 

• • 

• • 

2729 

2672 

2619 

2569 

2523 

2477 

2380 

24 

• • 

t •• 

• • 

• • 

• • 

1 

• • 

• • 


• € 

3199 

« • 

3087 

26 

’ » • 

4715 

« • 

4495 

• • 

* • 

• * 

4129 

• t 

3976 

• • 

t • 

27 

1 

« • 

5228 

» • 

4980 

• • 

4765 

• • 

4574 

• • 


• • 

• • 



* * 

t « 


• • 

• 

• • 

■ m 

• ■ 

• • 

• • 

• • 
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Reai$tance in Fittings. 

Equivaleiit length of straight pipe of same diameter whioh would cause 
the same friction as the resistance in fittings. 

Foot valve and strainer 
Sluice Valve full open 
Back pressure valve with hinged flap 
Back pressure valve of the Globe Type 
Bends (radius 3 to 5 diameters 
Bound Elbows 
Sharp Elbows and Tees 

To prevent excessive resistance in foot valve and strainer, the qualities 
below should not be exceeded for the various sizes of valves. 


15 yards, 
i yard, 
yards. 
46 „ 

1 yard- 
3 yards. 
6 .. 


Size of valve in inches 

2 



4 

i^200 

5 

Gallons per minute 

30 

1 


90 

360 

Size of valve in inches 

' 6 

7 

8 

9 

10 

Gallons per minute 


800 

1100 

1500 

2000 


Water discharged from pipes at different velocities. 
Imperial gallons per minute. 


Velocity of water through pipe in feet per second. 


Diameter 
of pipe 
in inches. 

1 

{ 

2 

3 

4 

5 

6 

7 

1 

2-0 

4-08 

6 12 

8-16 

10-2 

12-2 

14*3 

2 

8*16 

16*3 

24-6 

32-6 

40-8 


57-1 

3 

18-3 

36*0 

65*0 

73*4 


■Ini 

128 

4 

32-0 

65-2 

97*9 

131-0 



228 

5 1 

51 0 

162 

163 1 

204 

256 


367 

6 

73*6 1 

147 , 

220 

294 

367 


516 

7 

100 0 

i 200 

300 

400 

500 



8 

130 0 

261 

392 

622 

653 

784 

915 

9 j 

165 

330 

496 

661 

826 

992 

1158 

, 10 ! 

204 

408 

612 

816 

1020 

1221 

1426 

12 j 

294 

588 

882 

1175 

1470 

1764 

2058 
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Distribution Mairts and Service Pipes. 

All pipes should be designed to deliver the supply in 8 hours. The velocity 
in the main should not exceed the following ;—4*^—8 feet per second, 6"—4 feet 
pet second, 10"^—5 feet per second, 16^—ti feet per second. 

The velocity in the service pipes should not exceed 7 feet per second. The 
delivery from the tap should not be less than 5 gallons per minute. No service 
pipe should be less than |" diameter but with high pressure diameter may 
be used. A residual head not less than 5 feet should be allowed at tap. 

For fire hydrants a flow of not less than 120 gallons a minute is necessary. 

For very important buildings two hydrants should be provided and the main 
calculated for a flow of 240 gallons per minute. 

The theoretical H. P. is the power required to raise a weight of 33,000 lbs. 
to a height of one foot in one minute. Tn pumping, this would be equivalent to 
raising 1,000 gallons of water to a height of 20 feet in one hour. 

The following table show Theoretical Horse Power required to raise 1,000 
gallons or 160*6 cubic feet of water per hour to various heights:*— 


9 

d 

>9 

bO 

'S 

w 

Horse power. 

Height in feet. 

Horse power. 

Height in feet. 

Horse power. 

Height in feet. 

Horse power. 

Height in feet. 

Horse power. 

Height in feet. 

Horsepower. | 

1 


1 

21 

•106 

41 

•207 

61 

jHli 

81 

•40S 

no 

•566 

2 


22 

•111 

42 

•212 

62 

•313 

82 

•414 

120 

■606 

3 

•016 

23 

•116 

43 

•217 


•318 

83 

•419 

130 

•657 

4 

•020 

24 

•121 

44 

•222 

. 64 

•323 

. 84 

•424 

140 

•707 

6 

*025 


•126 

45 

•227 

65 

•328 

85 

•429 

160 

•758 

6 

•030 

26 

•131 


•232 

66 

•333 

86 

•434 

160 

■808 

7 

. -035 

27 

•136 

47 

•237 

67 

•338 

87 

•439 

170 

•859 

8 

•040 

28 

•141 

48 

•242 

68 

•343 


180 

•910 

9 

•045 

29 

•146 

49 

•247 

69 

•348 

89 

*449 

190 

■960 

10 



•162 


•253 


•364 


•455 

200 

rolo 

11 

•056 

31 

•167 

61 

•258 

71 

•369 

91 

•460 

210 

1*061 

12 


32 

•162 

52 

•263 

72 

•364 

92 

*464 

220 

1-111 

13 


33 

•167 

63 

•268 

73 

■389 

93 

•47C 

230 

1-162 

14 

21 

34 

•172 

64 

•273 

74 

•374 

94 

•475 

240 

1-212 

16 


36 

•177 

66 

•278 

76 

•379 

95 

*480 

260 

1-263 

16 



•182 

56 

•283 

76 

*384 

96 

*486 

260 

1-313 

17 

fli 

37 

•187 

57 

•288 

77 


97 

•490 

27© 

1*364 

18 


38 

•192 

68 

•293 

78 

*394 

98 

•496 

280 

1-414 

19 


39 

•197 


•298 

79 

*399 

99 


290 

1-465 

■"".I 

H 

■1 

•202 


mg 

■1 




30© 

1*616 
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The above is one theoretical horse-power and in practice it is necessary|[to 
make an allowance, usually of about one-halt for pump efficiency and frictional 
losses. 

The diameter of the pipes through which water is pumped is a matter of great 
importance, especially where the distance is great. If pipes of too small diameter 
are used the power required may ba very considerably increased. 

When making enquiries with regard to Pumping Plants the following infor¬ 
mation should bo given:— 

1. Number of gallons per hour required. 

2. Verticle height of suction from water to pump. 

3. Horizontal distance from water to pump. 

4. Verticle height of delivery piping. 

5. Total length of delivery piping. 

Cistern and Tanks. 

Square tanks. —Thickness of plates for cast iron ;—no plate less than \ inch 
thick and when exceeding 6 foot depth, none less than | inch thick. 

Formula for finding the thickness of plates. 

Square tank t—- 

Where t =thickness of plate in inches. 

d = depth of plate in inches. 

D=depth of lower edge from surface of water in feet. 

Bolt diameter is t but not less than f inch. 


Apj^roximaie Weight of Iron Tanks ; Plates i inch thick. 


Capacity. 

' j 

Weight. 

Capacity. 

Weight. 

Gallons. 

Cwt. 

I 

1 

m 

lbs. 

Gallons. 

i 

1 

Cwt. 

qrs. 

lbs. 

100 

3 

3 


460 

12 

0 

0 

150 

5 

0 

1 0 

50(» 

13 

0 

0 

200 

7 

0 

1 0 


26 j 

0 

0 

260 

f 8 

0 

0 

1500 


0 

0 

300 

i 9 

0 

0 

2000 

47 

0 


360 

10 

0 

0 

3000 

72 

0 

0 

400 

11 

\ 

0 

0 

4000 

86 

0 
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Dimmaiona and Weight of Iron Water Tanka. 


No. 

Gallons. 

Length. 

Breadth. 

Depth. 

W eight 

• 



Ft. 

Ins. 

Ft. 

Ins. 

Ft. 

Ins. 


Ins. 

lbs. 

1 


4 

0 

4 

0 

6 

0 


1 

14 

2 

500 I 

4 

0 

4 

0 

5 1 

0 

8 

2 

16 

3 

400 

4 

0 

4 

0 

4 

0 

6 

3 

25 

4 1 

200 1 

4 

0 

2 

0 

4 

0 

4 

2 

25 

5 

200 1 

4 

0 

4 

0 

2 

0 

4 

2 

25 

6 

193 ! 


0 

4 

0 

2 

0 

5 

1 

20 

7 


' 3 

3 

3 

3 

3 

3 

4 

2 

25 

8 


3 

3 

1 

8 

3 

3 

2 

3 

20 

9 

100 

3 

3 

3 

3 

1 

9 

2 

3 

20 

10 

376 

4 

0 

4 

0 

4 

0 

6 

2 

25 

Jl 

264 

4 

0 


6 

4 

0 

5 

2 

2 

12 i 

1 

■H 

3 

3 

! 2 

6 

2 

10 

2 

0 

6 


Jiule for finding the time of filling and emptying any tank. 

Let T —time of filling the tank (when inlet and outlet are both open), 
t =time of emptying the tank, 

G =quantity of incoming water in gallons jier minute, 
g —quantity going out of tank in gallons per minute, 

C —volume of tank in gallons. 


C 


C 


ThenT=>. and t= 

O ~ g. g. - G. 

Rule for finding time of emptying a tank with verticle aides and a hole at the 
* bottom :— 

Let A=Area of water surface in square inches. 
a=Area of the hole in square inches. 

D=depth of tank in feet. 

T—time of emptying the tank in minutes. 

Then T = 

222a. 


Example .—Find the time of empyting a tank 5'x5'X 4' with a 7 


20 ^ 


square hole at the bottom. 

A ==5 X 5 X144 =3600 square inches, 


37 


3600y'4 minutes, i,e., one hour. 


222 X — 
37 
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WeigM of Air and Oaus. 


Air 

13-14 e. 

ft. per lb. 

or 

.. -0761 lb. 

per c. ft 

Nitrogen 

13-50 


99 

>9 

.. -0741 

»9 

99 

Oxygen 

11-58 

99 

99 

99 

.. -0842 


99 

Hydrogen 

189-70 

»9 

>9 

99 

.. -0053 

»9 

99 

Carbon-monoxide 13*ff8 


99 

99 

.. -0738 

99 

99 

Carbon dioxide 

8-60 

J9 

99 

99 

.. -1163 

>9 

9 » 

Marsh gas 

23-32 

19 

9 ' 

9 * 

.. -0429 

95 

99 

Olefianult gas 

13-46 

59 

>9 

>9 

.. -0743 

• a 



The specific gravity of steam at atmospheric pressure is •4!)3 times that of 
air at 62® T. and ‘0006 times that of water at same temperature. 

26‘4 c. ft. of steam at atmospheric i)ressure weigh one lb. 


Hydraulic Ram. 


The hydraulic ram affords a simple means of raising water when suitable 
conditions exist: by it water falling through any height from 4 feet to 40 feet may 
be made to raise a portion of itself to any greater height up to 10 times the height 
of fall. Efficiency 60 to Gfi per cent. 


If G=gallons expanded per 
minute, 


g =gallons to be raised per 
minute, 

n = efficiency, 

H —available fall, 

h = height to which water 
is to bo raised. 



Then G = 


ixh 


W here n = 1 ‘12— ’2‘v/^—( Molesworth). 

H 
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TahU of BesuUs of Operations of Hydraulic Batm, 


JNumber ot. Height ot ( Height ot Water j Water 
Strokes. Fall. Elevation. Expanded, j Raised. 


Feet. 
26;i 
38-6 
38-tt 
38-6 
38-0 
38-6 
196*8 



0-().5 

.>•06 

3-22 

1*97 

22*8 


Useiul 

Effect. 



{Kemp 1919). 

Thickness of IHpes for Hydraulic. Accumulator Mains. 

For 700 lbs per square inch:— 

Armstrong.t= ^ + *25 


Brown .t== 

Thickness of pipes for water Go's maim :— 

H=head of water in feet, 
d —inside diameter of pipe in inches, 
t -—thickness of metal in inches, 

X =*37 for pipes less than 12 inches diameter, 

= *50 ,, from 12 to 30 „ „ 

= -60 „ 30 to 50 „ „ 

p -=working pressure in lbs. per square inch, 
r = inside radius of pipe in inches, 
c = working strength of metal in lbs. per square inch, 
=3360 for cast iron and 500 for load. 

For 200 feet head:— 

Hawksley .t = *18-Y/(l 

Unwin .t='ll'^d+*l 

Vjo +’®/+V 2600(/ 

or eaysaV^** +*15 ^ 

10 ^ ^125 

Molesworth.t = -000054 Hd+.r 

or say= 0108d+^!~. 


Rankine.t: 

~with a minimum of f inches. 


- -2^ or^^ which ever is greater. 
12000 48 6 » 
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Oeneral Stile* for thickneee of Caet Iron Pipe* ; 


Unwin.t 1 ^ 

V 2776-p / 

-Sd x5 

.* ■“ 16000 

P 

Ad»m».*=-6^5-+:^( + -125perstem). 


Britiah Standard G. /, Pipes for Water and Sewage. 


Diameter. 1 

Teat preaaure 
400 head. 


Teat preaaure 
800 ft. head. 


Weight of lead per 

S. S. joints. 

Weight erf yarn per 

S. S. joints. 

• 

CO 

m 

(U 

d 

o 

-d 

H 

S 

(d 

• fH 

1 ^ 
SS 

M ® 

w 

Weight per 100 
ft. 

Thickness. 

. 

B 

.3 

! -P 

M 

pa 

Weight per 100 
It. 

Thickness. 

External diam¬ 
eter. 


ins. 

ins. 

ins. 

'cwt. 

ins. 

ins. 

cwt. 

ins. 

ins. 

cwt. 

ins. 

lbs. 

lbs. 

3 

•38 

3-76 

12-8 

•38 

1 3-76 

12-8 

•40 

3-76 

133 

H 

2-22 

■24 

4 

•39 

4-80 

16 6 

•40 

4-80 

16-7 

•46 


18 8 

H 

2-77 

; *30 

5 

•41 


21 7 

•46 

6-90 

23*7 

■52 


26-8 

If 

6-73 

•64 

6 

•43 

6-98 

27-2 

•49 

6-98 

30*8 

•67 

6-98 

34 8 

If' 

6*64i 

•76 

7 

*45 


33*3 

*53 

8-06 

37-9 

•61 

8*06 

42-8 

If 

7e6j 

•86 

8 

•46 

9-14 


•67 

914 

46-6 

•66 

9-14 

62-4 

O 

**1 

j 

9-71| 

i-io 

■ 

•47 

■ 


•6o[ 

10-20 

65-6 

•69 


62-2 

2 

\ 

ro-s?! 

1*24 

H 

•52 

11 26 

54*1 



64-91 

•73 

11*26 

72*4 

2 

1203 

1-37 


•67 

13-14 

89*0 

•69 


85*6 

80 

i 

13-60 

971 

2| 

141 

1 

1*67 
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Measurement of Water. 

This is done by positive and inferential meters. Positive meters measure the 
actual quantity passing through them by filling and emptying chambers of known 
capacity by means of a piston actuated by the flow of water. The strokes of 
the pistons are recorded by means of a registering mechanism on an index and dial 
attached to the meter. 

The following patterns are in use:— 

(1) Kennedy,‘(2) Beck, (3) Worthington, (4) Sewel, (5) Kent’s Standard and 
Uniform. 

Inferential meters consist chiefly of a turbine worked by the flow of water 
and serving as a measure of the velocity of water passing through. An index on 
a dial is moved by gearing to indicate the volume of water passing through the 
meter. 

The following patterns are in use:— 

(1) Worthington Disc, (2) Siemens, (.S) Taylor. 

The loss ot head in meter varies with the type and as the square of the dis¬ 
charge. Allowance for this should be made in the calculation for hydraulic 
gradient. 

For small supplies the main meter on the rising main should be of the positive 
type. A meter of the inferential type will do on distributing mains. 

For large supplic.s Venturi meter should be used. 

Hot Water Supply. 

Amount of Hot Water Storage Hequhed :— 

Bath 20 to 30 gallons. 

Lavatory Basin 2 to 3 gallon-. 

Scullery Sink 5 to lO gallons. 

Heading Power of Boilers .—^Minimum 50 degrees per hour. 

Material for Boilers .—^Boilers are made of cast iron, wrought iron, steel 
and copper. 

A copper boiler transmits 5 per cent, more heat than others. 

Boiler Efficiency .—Is based on fuel consufned, it means the percentage of 
fuel ener^ absorbed by the water out of that emitted by the fuel consumed 
on the boiler grate. 

Example .—Find the approximate amount of fuel required to heat 100 gallons 
of water per hour from 60“ to 160“ F., the boiler efficiency being 60 per cent. 

100 gallons=1000 lbs. 

1000 lbs. of water raised 90 degrees, requires 
1000 x 90 =90,000 B. T, U. 
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Assuming ooke is to be used in boilers* with a oalorifio valne of 12,500 
B. T. U. per pound, then the amount of fuel required is 
90,000 for raising water 90 degrees, 

1,500 Say loss by radiation. 

Total T7oi;^ B. T. U. 

Coke required 60% efficiency 

1a}O00 

__1,01,600 100 
“ 12,600 ^ 60 


=sl6 lbs. per hour approx. 

The size of the primary circuit should be proportionate to the heating 
power of the boiler. 


Approximate heat¬ 
ing power of boiler 
hi B. T. U. per 
hour. 

i 

Up to 25,000 

25,000 to 
50,000. 

1 

60,000 to 
80,000. 

1 

over 80,000. 

Size of primary flow 
and return pipe. 

A • e L 

1" 

\ 

1 

^ X 3// 

H" 

f // : Ai-. _ 

ir 

_ — 11 j__ i_ 

2' 

. ■ 1_ 


about SO per cent. 

Table of pipe surfaces in sq.feet of radiation for 1 lineal foot- 


Diameter of pipe in 
inches 


■ 

1 


4 

2 


3 

Surface per foot run.. 

•221 

1 

•275 

•346 

•434 

•494 

1 

•622 

•763 

•916 


Warming by hot water, 

•018C (P-t) (T-t) 
B (P-T) 


Where L=length of pipe in ft. 

C =c. ft. of air to be warmed per minute, 

P=3temperature of pipes in Fabr., 
t=:temperatuie of external air in Fahr., 

Tsstemperature required in building in Fahr., 

Bsdiameter of pipes in inches. 

For every 100 sq. ft. of pipe surface, allow 30 to 60 sq. inches of fire grate 
area. Is very expensive in first cost, but by far the cheapest in foot of any 
other method. 
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SEWAGE AND DRA1KA6E. 

Sewers. 

(1) Combined system of sewerage is one in which both storm water and 
sewage is carried in the same channels. 

(2) A separate system of sewage is one in which only sewage is carried. 

The capacity of sewers are fixed to carry off the greatest volumes of the res¬ 
pective liquids that it is proposed to carry, taking into account the maximum 
rates of discharge from the various sources and the times when the maximum 
rates are likely to occur. In general however the volume of sewage is equal to 
the volume of water-supply. 

Discharging Capacity of Servers. 

V=124 

Q-AV, 

where, Q=di8charge in cubic feet per second. 

Velocity in feet per second. 

Hydraulic mean depth in foot. 

S=*8ine of angle of inclination. 

A~Area of the cross section of sewer in square feet. 

For Ciretdar Sewers ;— 


_9 A y 1)2 
Vi 


(when seWer is running full or half full). 


Where V—Velocity of flow in feet. 

D=Diamoter of sewer in indies. 
i=Length -r Fall. 

When depth=*9 D then V=10 per cent, more, and 
when depth—*250 then V=25 per cent. loss. 


For Egg-Shaped Sewers Running ^rdfM^Krdtefsforrnida) — 


d=diameter of larger circle in feet. 
V=velocity in feet per second. 

discharge in c.lt. per second. 
n»oo*efficient ss*013. 
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Table of Velocity and Discharge in Egg-shaped Sewers. 


81opt' 1 in. 

1 

d=2ft. 

d=2^ ft. 

1 

i 

d=3 ft. 

1 

1 

d=3i ft. 

11 

it- 

Mo 

d=5 ft. 


V 

3-80 

1 4'44 

5'04 

1 5-59 

0'12 

1 , - . 

7-1X1 

600 1 

L—Q 

11-47 

20'96 

34-21 

61-69 

73-64 

133-68 

1 

1 —V 

3'47 

4'06 

4*60 

5'10 

5*68 

6-47 

<3tK) j 

L-Q 

10*46 

i9'li 

o 

CO 

47*16 

67'37 

121-98 


:--v 

3-20 

3'76 

4-26 

4-72 

6*16 

5-98 

iOO J 

1—Q 

9*67 

17'68 

28*86 

1 43-63 

62-33 

112-88 

i 

V 

2'99 

3*50 

1 3-97 

! 4-41 

4-83 

5-69 

w)0 1 

i--Q 

9*04 

16-62 

j 26'98 

40*78 

58-26 

105-53 


[—V 

2-82 

3'30 

! 3-74 

4-16 

4-56 

5-27 

0<.>0 * 
( 

[~Q 

8'51 

16*56 

25-41 

; 38-42 

54-90 

99-46 


1 —V 

2*67 

3 13 

3*66 

' 3'94 

4*31 

1 5-00 

1000 j 

1--Q 

8-07 

14'75 

24-09 

1 36-42 

52-05 

! 94*30 

! 

1 

2-54 

2-98 

3-38 

1 

1 3-75 

4-l(» 

I 4-76 

1*2 >0 J . n i 

7'67 

1403 

22'93 

! 34-68 

49-56 

1 89-86 

1 

[—V 

2'25 

2-63 

2'99 

i 3 -32 

3-63 

j 4-22 

1400 j 

[~-Q 

0'79 

12-42 

20-29 

1 

1 .30-70 

1 

43-88 

1 

79-56 

*• _ V 

2-10 

2*46 

2-79 j 

1 3-10 

1 

3-40 

3-94 

1600 in 1 

6'33 

11-59 

18-95 

28*67 

41-00 

1 74-35 

1 

f—V 

1'97 

2*31 

2-63 

2-92 

3-20 ' 

3-71 

1800 j 

L-Q 

5'96 

1 

10*91 ! 

17-84 

27-00 

38-66 

70-04 


—V 

1-87 

2'19 ! 

2-49 1 

' 2-77 

3-03 

3-52 


—Q 

! 5'64 

10*33 

16-90 

25-57 

36-58 

66-39 

1 

^ y~\ d ^ ^ 

'~V 

1 1 '66 

1-95 

2-22 

2-47 

2-70 

3*14 

2o0{> * 
i 

L-Q 


9-20 

15 05 

22-80 

32-62 

59-24 


V 

' 1'5I 

1-77* 

2 02 

2*24 

2-46 

2-86 


L—Q 

1 4'66 

8-36 

13-69 

20*74 

29*69 

63-96 


, _v 

1 1-29 

1-62 

1-73 

1*93 

2*12 

2-47 


! 3*91 

7-18 

11*76 

1 

17*84 

25-67 

46-54 

. 

r— V j 

1'15 

1-35 

1-54 

1*72 

1-88 

3-20 

6000 -j 

i-Q 

! 3'46 

6'36 

10 *45 

16-86 

22-76 

41-46 


(Molesworth.) 
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When running full the velocity is about '94 V and the discharge about 1 '43Q. 
For other values of n multiply the tabular numbers by K. 

If n=: -010 -Oil 012 016 '017 

K= 1-38 1'25 I'll -84 *71 

Table of Slope and Discharge in Egg-shaped Sewers when running full 

{old form) D^l^d. 


Velocity 
ill ft. per 
second. 

d==2 ft. 

d=2ift. 

' 

d==3 ft. 

d=3i ft. 

d=4 ft. 

d=6 ft.4'' 

o 


1 in 1850 

1 in 2600 

1 in 3200 

1 in 3900 

1 in 4700 

1 in 6890 


IQ 

9-188 

14-366 

20-674 

28-138 


65*336 

91 


I in 1200 

1 in 1600 

1 in 2050 

1 in 2500 

1 in 3000 

[ I in 4400 


iQ 

11*486 1 

17-945 

25-842 1 

35-172 

45-940 

81-670 

•1 

1 s 

1 in 826 

1 in 1100 

■IQEliln 

1 in 1700 

1 in 2076 

1 in 3050 

o 

iQ 

13-782 

21-534 



65-128 

98-004 



1 in 600 1 

1 in 815 

RMraHiil 

1 in 1280 

1 in 1525 

1 in 2250 


IQ 

16-079 

25-123 

36-178 

49-240 

64-316 

114-3:18 


s s 

1 in 460 

1 in 625 

1 in 800 

1 in 975 

1 in 1175 

1 in 1700 


IQ 

18-376 

28-712 

41-346 

66-274 

73-504 

130-672 


(8 

1 in 355 

1 in 600 

1 in 630 

1 in 776 

1 in 925 

1 in 1350 


(Q 

20-673 

32-301 

46-514 

6:1-308 

82-692 

147-006 

R 


1 in 300 

1 in 400 

1 in 500 

1 in 625 

1 in 750 

1 in 1100 

o 

IQ 

22*970 

35*890 


70-342 

91-880 

163 -340 


Table of Slope to give the following Velocities when running full or half full 


Velocity 
in ft. per 
second. 

Diam. 

8" 

Diam. 

9' 

Diam. 

10' 

Diam. 

12' 

Diam. 

15' 

Diam. 

18' 

Diam 

21' 

IHHHi 

Diam. 

27' 

Diam. 

30' 

2 

lin360 

lin415 

lin475 



1/1050 

1/1275 

1/1625 

1/1775 

1/2050 


lin225 

lin265 

lin305 

lin385 


1/660 

1/820 

1/970 

l/li:38 

1/1315 

3 

linl56 

linl85 

lin210 



1/460 

1/570 

1/680 

1/790 

1/910 

H 

linll5 

linl35 

linl55 

1/200 

j/jr ^9, 

1/340 

1/415 

1/500 

1 /585 

1/670 

‘ 4 

lin88 

linlOS 

1 ini 20 

1/150 

1/205 

1/260 

1/320 

1/380 

1/445 

1/615 


lin70 

lin82 

lin94 


1/160 

1/205 


1/300 

1/362 

1/405 

5 ‘ 

lm56 

lin66 

lin76 

1/97 

i/i:io 

1/166 

1/206 

1/245 

1/285 

1/330 


lm47 

lin55 

lin63 

1/80 

1/105 

1/138 

1/170 

1/200 

1/234 

1/270 

6 

lin39 

lin39 

lin53 

1/67 

1/91 

1/116 

1/140 

1/170 

1/197 

1/230 
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The slope for sewers should as far as possible be enough to induce self-cleaning 
velocity. Brick sewers on slopes that produce more than 7 to 10 ft. velooity wear 
rapidly especially on the bottom. 

Brick sewers should in all cases be set in hydraulic mortar or in cement. 

Brick sewers ought to be formed with bricks moulded to radii. 

In no case should any sewer be formed with bricks set dry to be subsequentlr 
grouted. 

Shapes of Sewers 

Round seWers are used up to 24'*' diameter. The round sewers is the most 
economical of materials for a given carrying capacity. 

Egg-shaped sewers are small at bottom and large at top. This form of sewer 
gives a fair hydraulic mean depth. It is advantageous on combined system. 
Besides, this form is more easily entered by workmen than the round section. 
The following figures show two different tyi>cs of this form of sewers. 

£G0‘&HApeo Sewsa CPlo fosm) £Qci SHAPED SEWfig ('/v£w fOSM) 



Items. 

Full. 

f Full. 

i Full. 


Area of Section 

1-1475 d? 

-7548 d2 

-2840 d2 

A 

Wetted Perimeter 

3-9649 d 

2-3981 d 

1-3746 d 

4 

Hydraulic mean depth 

-2897 d 

-3157 d 

•2066 d 


Area of Section 

1 

1-1150 d2 ! 

-7223 d2 

•2543 d2 

B 

"Wetted Perimeter 

3-9205 d 

2-3497 d 

1-3246 d 


Hydraulic mean depth 

-2844 d 

-3074 d 
• 

•1920 d 
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Sewage Disposal Works .— 

The processes involved in sewage disposal works may be classified as- 
follows:— 

(1) Preparatory processes including screens, roughing filters, detritus tanks,, 
settling tanks, septic tanks and chemical precipitation tanks. 

(2) Purification processes including sun-surface irrigation, broad irrigation, 
intermittent filtrations, contact beds and sprinkling filters. 

(.‘1) Finishing processes for clarification are sendimcntation and coarse 
filtration, while those for bacterial improvement are land treatment, sand 
filtration, mechanical filtration and disinfection. 

Septic Tanks .—The sewage from the house drains is taken in as direct line as 
possible into a water-tight chamber brick-built and lined with cement rendering, 
glazed bri<;ks or other impervious material, covered at the top but provided with 
an air-tight main-hole cover for access. A ventilation pipe should be carried from 
the top of the chamber to some high point near (up a tree for example) and 
a fresh air-inlet with mica valve be provided. 

Adjoining the septic tank, another chamber is built to be used as a filter and 
esration bed. This need only be cement lined. The top is left entirely open. 
A pipe is taken from about 6 inches above the bottom of the first chamber verti¬ 
cally up the side and overflowing over the filter bed about 6 inches below the top 
of the filter bed. The filtcT bed is filled to within 6 or 9 inches of the top with 
furnace clinker broken bricks or charcoal, 1 inch to | inch, the smallest size 
being at the top. The oflluent from the septic tank is thus delivered over the ashes 
into the filter or deration bed, and the liquid discharge percolates through the 
ash bed and is in turn discharged through an outlet at the bottom of the filter 
bed. 

The Septic tank for a house of eight rooms may be 4 feet by .1 feet or 4 feet 
diameter on plan, and 8 feet deep ; the seration bed being 4 feet 6 inches wide by 
t) feet long, and 4 feet, 6 inches deep. Other sizes should be in proportion to- 
the size of the buildings served. 

A galvanised iron wire grating should be laid over the filter bed to prevent- 
the accumulation of leaves or other rubbish. 

SEPTIC TANK. 
























516 


For sewage disposal works on larger scale a septic tank of the type described 
below may be used in which the sludge is allowed to remain and partially to de¬ 
compose into liquids and gases. 



The sludge water first enters one of the grit tanks A, A, which are small tanks, 
capacity ^ hour flow, depth about foot, where sand, clay, etc., settle. Grit tanks 
are provided in duplicate, one in use, one thrown out for cleaning ; cleaning can 
be done by hand, the sludge extracted being trenched. B is a screen to arrest 
floating matter; it is made of inclined Y about Y apart. C, C, are primary 
tanks and D, D, D, secondary tanks. Ordinarily the sewage is let into both the 
primary tanks and then led through the secondary tanks in series. Most of the 
sludge is settled in the primary tanks and sludge valves should be provided 
at the bottom near the entrance, the bottom of the tank being sloped to this 
point. Tho sludge pipes should lead to a valve chamber E, whence the pipes 
are led away to trenches. The sludge outlet level should be 3 feet below the water 
level to allow sufficient head to force the sludge through. 

Tanks D, D, B, may bo made flat bottomed : sludge will accumtilate in 
them very slowly and clearing out can be done by hand. The sewage enters and 
leaves each of the tanks over a level crested weir beyond which is placed a sludge 
board, dipping about 9 inches into the water. The total capacity of the primary 
and secondary tanks should amount to about 12 hours flow: their length should 
be 3 times their breadth and their depth 6 feet: they should be covered with loose 
boards or some covering that permits of free ventilation but prevents mosquito 
breeding. Stormwater should be excluded, and it may be necessary to provide 
some form of storm overflow or method of diverting the drainage to a nullah. 
Grit tanks will probably require cleaning daily : for the Septic tanks the sludge 
should be measured periodically and the depth ‘^should not exceed 1 foot : the 
sludge valves of the primary tanks should be opened once a month until the water 
level in the tanks has dropped 1 foot. Scum should not be allowed to get more 
than 3* thick. Penstocks, i.c., boards sliding in grooves, are provided where 
marked X and enable any tank to be cut out. 

DISPOSAL BY IRRIGATION. 

Broad irrigation consists in the application of sewage to land so that it 
may serve as food to crops, tho liquid being spread over the surface by means 
of ditches and other channels as n the ordinary irrigation of land. 
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CONTACT BEDS. 

Contact filters consist of water-tight compartments filled with porous- 
material used for the purification of sewage in the following manner: the 
bed is slowly filled with sewage and allowed to remain full for a certain periods 
after which it is slowly emptied and allowed to remain empty for a longer period 
of rest. The applied sewage is usually first subjected to a preparatory treatment, 
either plain or septic sedimentation. The number of times a day that the bed 
is filled and emptied depends upon the volume and character of sewage, the 
nature of the material in the tank and other factors. In England it is common 
to employ three cycles a day, allowing one hour for filling, two hours for contact, 
one hour for emptying and four hours for rest. The principal factor involved 
in this method of purification is sedimentation, but chemical and biological 
processes are also at work. During the period of contact the suspended matter 
of the sewage tends to settle on and adhere to the exposed surfaces of the material 
filling the l^d. Some of this washes out when the bed is emptied, but much of 
it remains behind. While the bed is standing full an aerobic conditions exist 
and septic action occurs. There is also an absorption of organic matter by the 
accumulated film. When the bed is being emptied air is drawn into it 
and in consequence of this there is a partial oxidation of the organic matter 
adhering to the material in the bed. Vvhile the bed is resting, aerobic conditions 
prevail. The result is a partial removal of suspended matter and a slight amount 
of oxidation of the organic matter, the degree of purification depending upon 
the character of the sewage and the opportunities permitted for sedimentation 
and oxidation. 

SPRINKLING FILTERS. 

Sprinkling filters consist of beds, with or without side walls, filled 
with porous material and thoroughly under-drained with tiles or channels in 
the concrete floor, the whole so arranged as to provide thorough aeration of 
both drains and filtering material. The sewage is applied at the surface by means 
of fixed or moveable sprinklers in such a manner that it becomes well oersted 
before it enters the bed. It percolates downward through the material and 
flow's out of the under-drains. 

The fundamental idea of sprinkling filters is the greatest possible exposure 
of the sewage to the air with the oxidation of organic matters and nitrification 
and the construction of the filter in such a way that no deposit of suspended 
matter in it is possible. If there is a deposit of suspended matter in the filter the 
filter will become clogged, th^ air supply shut off and the prot'ess interrupted. 
The design should therefore permit flushing and cleaning of the lower parts. 
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Lateral Drains 



FINISHING PROCESSES. 

The effluent from sprinkling filters is not deal’ but contains large quanti¬ 
ties of suspended matter. This suspended matter is removed by sedimentation 
or by filtration through coarse material such as broken stone, coke, slag, etc. 
The sludge obtained in this way is more stable and less objectionable than 
that from plain settling tanks or septic tanks. Although the effluents from 
■oontact beds and sprinkling filters contain fewer bacteria than the applied 
sewage, they are not baoteriologically pure enough to materially improve the 
character of a stream from the stand-point of water-supply. 

Drains. 

Before any system of drains, can be designed it is absolutely necessary, that 
an accurate plan, showing all levels of the area drained, roads, streets, etc., 
ahould'be prepared. All existing drainage channels should bo carefully surveyed 
-and levels taken. 

All water sheds lying betwcA n drains should be marked in red. 
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Oapizity of Drains .—For sallage Water it may be assumed that tlu 9 whole of 
the water-supply will find its way to the drains which must be large enough to 
carry aWay the whole quantity in 8 hours. For bazaars it is usual to make an 
allowance of ^ gallons per head per hour. 

Th3 capacity of storm water drains will depend* on the nature of the soil, 
the slope, the maximum rate of rainfall and the proportion of the area occupied 
by buildings. Where the rainfall is heavy and frequently exceeds 1* per hour, 
drains should usually be designed to carry away a run-olf of an hour; in dry 
localities whore heavy rainfalls are rare, a run-off of an hour may be assumed 
for main drains and as low as for side-drains. A run-oft of is equivalent 
to a flow of I CUS3C from an acre or *0116 cusecs per 1000 square feet. 

Gradients for Drains :— 

For pipes gradient .. .. 1 in 40. 

For O'' pipes gradient .. ..1 in 70. 

For 9" pipes gradient .. .. 1 in 100. 

When it is not possible to keep to these gradients, it is advisable to lay the 
branch drains at any rate to those self-cleansing gradients, and to provide for 
panodically flushing the main drains. 

Shapes of Drains. —For small flows semi-circular drains may be used but 
where the drain has to bs calculated for large storm water flow the peg top section 
IS suitable. A type of the peg top section is give below. 


Dimensions of Peg Top Drain :— 



Full. 

§ Full. 

1 

1 

i Full. 

1 

Area of Section 

1-0385 da 

•6458 da 

1 

•2422 d* 

1 

Wetted Perimeter 

3-8780 d 

i 2-3072 d 

! 1-2706 d 

Hydraulic mean depth 

•268 d 

•280 d 

j 

•1905 d 

1 


Discharge formula :— 

V=9'42yh^f or 1*3 yh^ 

Va Va 

" '88-Tf 1-69P. 

, va va 

Q=AV 


1*69 R. 
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V=svelocity in feet per second, 

B=hydraiilic mean depth - 

poinmctoiTf 

fsfall in feet per hundred, 

F=fall per mile, 

A—Area of section in square feet, 

Q=Discharge in cubic feet per second. 

Table showing Area, Wetted Perimeter and Hydratdic mean depth for 

different Types of Drams. 


Type. 


Section 

No. 


Area. 


Wetted 

perimeter 


Hydraulic 
mean depth. 


Remarks. 



i^Tote.—For sketches of different types of drains see pages 776-782, Part II. 

Flushing Drains. —For small side*drains a bahisti and a sweeper can clean 
up 3,POO running feet morning and evening. For larger drains special flushing 
arrangements are necessary : an efficient method is to place vertical boards in 
grooves at intervals of 150 to 200 feet and to let the water pond on when it will 
proceed with a rush on the boa d being removed. For main drains a flush of 250 
gallons twice a day will be necessary. 
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Orease Trajw.—All grease and solids must be removed in a j for this 
purpose a kerosine oil tin placed in the centre of the pit may be used* the tin 
being well perforated towards the bottom and filled with saw dust covered with 
grass. 

GREASE TRAP. 
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Chilly Trap* 

The depth of the seal of surface water gullies in India should never be less 
than 9^ on account ot evaporation. 

During the dry season fill in all water gullies with clear sand; this prevents 
foul air coming out in the street. 


WATER OUtLY 




Disposal of City Refuse. 

City refuse consists of various solid substances incapable of being carried 
by sewers. It is collected by hand in cans and removed by the municipality in 
carts. 

Refuse Incenerations consist of burning the mixed refuse of a city including 
ashes, rubbish, manure, etc. Minimum temperature of combustion is 1250° E 
and maximum seldom above 2000® F. 
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MECHANICAL ENGINEERING. 

Steam Engines, 

Properties of Steam :— 

I British ’riiermal Unit s= 778 ft. Iba 

2545 British „ units per hour =s: ] H. P. 

One atmosphere = 14’74he; persq. inch. 

One pound pressure per sq. inch = 2 035 inches of merourj. 

Specific heat of saturated steam at constant pressure = *48 
» M >» M volume = *37 

Absolute zero •■= 461 ’2 below zero Fah. 

Velocity of steam should not exceed 90 ft. per second; in steam pipes 85 ft. 
per second. 

If A = area of piston. 

V = velooitv of piston ft. per minute. 

‘ AV 

Area of steam port « =:-oil AV. 

•tU 

To calculate the amount of steam required to heat a given quantity of water 


W 


10 XGX(T—0 


H- T4-32. 

Where W = pounds of steam required 
G = gallons of water 

T and t = temperatures Fah. after and before heating 
H == total heat per pound of steam 


Advantage of expanding steam :— 

When steam is cut off at J of the stroke, the power of an engine is only 
diminished by 7 per cent, while the consumption of coal is diminished by 33 per 
cent. When cut off at ^stroke the power is reduced 16 per cent, and the con¬ 
sumption of steam 50 per cent. 


Economy of Compound Engines :— 

The economy of compound engines consists mainly in the higher pressure 
of steam employed permitting greater expansion and in the sub-division of the 
work over two or more cylinders, limiting the range of temperature in each and 
therefore the loss from condensation. 


Number of Expansions ;— 

The steam is usually expanded in:— 

Simple condensing engine fjom 3 to 6 times. 

Two cylinde'f compound ,, 7 to 9 times. 

Triple compound „ 12 to 15 times. 

Quadruple compound ,, 16 to 18 times. 

The total expansion is found by dividing the capacity (d® /) of the low pressure 

cylinder upto point of release by the capacity {D 1) of high pressure cylinder upto 
point of cut-off. Intermediate cylinders do not aflect the ratio. 

Cylinder Ratios ;— 

Two cylinder compound:—Common rule. 

Diam. low pressure cylinder = 2 inches less than twice the diam. of high 
pressure cylinder. 
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High Presaure Engines {Single Cylinders). 


Non-condo rising (short stroke). 


Cylinder; Diam. x 
Stroke. 

4rx8' 

4a 

5^'^ X 8" 

X10^ 

7FX10-'| 

8^X12^ 

rxi2' 


Revolutions per 

260 

190 

260 


210 

170 

210 

170 

175 

140 

175 

140 


Minute. 













fin’ 

(D 

i ft ® 

g CO li 

60 lbs. .. 

4.! 


i 

u 

51 

10 

GO 

14 

11 

15,1 

121 

20 

16 

w 

80 „ .. 

6 


n 

H 

i;i 

IIOJ 

in 

14 

20 

15A 

25 

20 

M 


100 „ .. 

7 


lOh 

n 

15 

12 

20 

16 

' 23 

18 

29 

23 


Non-condensing (slow speed). 


Nominal. 
H. P. 

CYLINDER. 

Revolutions 
per minute. 

INDICATED 

HORSEPOWER. 

Dia. 

Stroke. 

Economical. 

1 

1 

Maximum. 

1 

1 


ins. 

ins. 



1 

i 

10 

10 

20 

110 

35 

! 45 

12 

11 

20 

no 

40 

56 

14 

12 

24 


45 

65 

16 

13 

24 


55 

16 

20 

14 

28 


65 

85 

22 I 

15 

28 

80 

75 

95 

25 ' 

16 

32 

70 

86 

no 

28 1 

17 

32 

70 

95 

125 

32 

18 

36 

60 

105 

140 

36 

19 

36 

60 

1 

115 

155 


Boiler Pressure .—In calculating t he powers given above, a boiler pressure 
of 80 Iba has been assumed. These Engines ma}' also be worked at 100 lbs. 
piessure. 

Condensing .Ewgrtwis.—Engines fitted with condensers will develop economi¬ 
cally one-fifth more power than is given in this table. In this case the engines 
should not be worked at more than 1 1 lbs. pressure. 
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Compound Long-stboee Engines. 


CYLINDERS. 

FLYWHEEL. 

Grooved 

FLY- 

WHEEL. 

INDICATED HORSE- 
POWER. 



VHIII 







At 100 lbs. 

Diameter. 





Ropes. 

pressure, 

pressure, 






Rev. 

non-condens- 

condens* 



Stroke 

Dia. 

Face 

per 

min. 



ing. 

ing. 

High 

Low 










Pres- 

Pres- 





No. 

Dia. 

Econ. 


Econ. 

Mazm. 

sure. 

sure. 











ias. 

ins. 

ins. 

ft. ins. 




ms. 





8 




8 

115 

4 

u 

42 

48 

42 

62 

■fa 

16 

24 

8 2i 


90 

5 

H 

56 

66 

56 

70 


18 

28 


12 

80 

5 

H 

76 

88 

76 

94 

■SI 

20^ 

32 

10 0 

14 

■ill 

7 

H 

lOo 

116 

100 

124 

J3L 

22i 

36 


16 1 

65 » 

6 

H 


150 

l.*10 

160 


PROPERTIES OF SATURATED STEAM. 


A^jsolute 
Pressure. 
Lbs. per 
sq. in. 

Tempera¬ 

ture. 

0 J1 

Water 
Heat from 
32* F. 

Latent 
Heat of 
Vapouri¬ 
zation. 

Total 
Heat 
per Lb. 
B. Th.U. 

Volume, 
Cub. Ft. 
per Lb. 

Absolute 
Pressure. 
Lbs. per 
sq. (n. 

1 

101-8 

69-8 

1035 

1106 

333 

1 

2 

126*1 

94-2 

1022 

1116 

173 

2 

3 

141*5 

109-6 

1012 


118-4 

3 

4 

163-0 

121-0 

1006 

1126 

90-4 

4 

6 

162-3 

130-3 

1000 


73-3 

5 

6 

170-1 

138-1 

996 

1134 

61 9 

6 

7 

176-8 

144 -9 

991 


53-6 

7 

8 

182-9 

150-9 

988 

1139 

47-3 

8 

9 

188-3 

166-4 

986 

1141 

42-4 

0 


193 -2 

161 -3 

981 

1143 

38-4 

10 

11 

197-7 

166-9 

979 

1145 

36*1 

11 

12 

202-0 

170-1 

976 

1146 

32-4 

12 

13 

205 -9 

174,-1 

974 

1148 

30-1 

13 

14 

209-6 

177-8 

971 

1149 

28*0 

14 

14-72 

212-0 

180-2 

070 

1160 

26-7 

14*72 

15 

213-0 

181 -3 

969 

1160 

26-3 

15 

16 

216-3 

184-6 

967 

1152 

24-7 

16 

17 

219-4 

187-8 

965 

1163 

23*4 

17 

18 

222-4 

190-8 

963 

1164 

22*2 

18 

19 

225*2 

193-7 

961 

1165 

21*1 

19 

20 

228*0 

196*4 

959 

1166 

20-1 

20 

21 

230 -6 

199-1 

967 

1167 

19*19 

21 
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Strength of boilers .— 


Strength of plate 

100 

Stren^h of single riveted joints .. 

66 

Strength of double riveted joints .. 

70 


The actual Horfte Patmr of a boiler is estimated by the number of cubic feet 
of water evaporated into steam per hour. The simplest way of ascertaining the 
actual evaporation of any boiler is as follows:— 

When the boiler is working satisfactorily, feed the boiler up to the top of the 
Water gauge glass ; then shut off the feed, weigh all the coal used after this time, 
and observe the time occupied in reducing the water from the top to the bottom 
of the glass; fire carefully, and see that the quantity of fire is left at the end as 
at the beginning of the test. The evaporative power may be ascertained from 
the data obtained in the above test by the following rules :— 

(а) To find the number of cubic feet of water evaporaied per hour,— Multiply 
the number of square feet of water surface by the evaporation in inches of the 
gauge glass, multiply this product by 5, and divide the result by the number of 
minutes occupied in evaporation. 

(б) To find the quantity of weder in pounds evaporated per pound of coal .— 
Multiply the number of cubic feet of water evaporated per hour by 62*5 and 
divide the product by the quantity of coal in pounds consumed per hour. 

Healing surface. —The evaporative power of a boiler depends upon the effi¬ 
ciency of its heating surface, the values of which are as follows:— 

All horizontal sui-face above the flame = 1 

Vertical surface = i 

Tubes and round flues = 1 i of their diam. 

Convex .surfaces above the flames = l| of their diam. 


Horizontal surfaces beneath the flame are of no value as heating surface. 

(c) To find the number of gallons of waler a boiler wiU hold. —For plain cylindri¬ 
cal boiler without tubes multiply the square of the diameter in feet by the length 
and by 4*89; the result would be the number of gallons required. 

(tt) To find the number of gallons of water in a Cornish or Lancashire boiler ,— 
Multiply the sectional area of the shell in inches by the length of the shell in 
inches; multiply the combined sectional area of the flues in inches, by their length 
in inches; subtract this product from the first, and divide the remainder by 1728; 
the result is number of cubic feet, which multiplied by 6*24 will give the contents 
in gallons. ' 

An insufficient supply of air causes imperfect combustion, an excessive supply. 


a waste of heat. 

The following formula for finding the urea of chimneys for Stationery boilers 
is found very useful 

Q = lbs. of coal consumed per hour. 

H r Height of chimney in feet. 

P = Indicated (not nominal) Horse Power of engine. 

A = Area of top of chimney in square inches. 

15 Q 15QP. 

■* " VT^Vh 
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Boiler Lagging ,—To prevent radiation the exposed parts of steam boilers 
should always be covered with non-conducting composition. About 2 inches 
thick should bo first applied, then wive netting of large mesh should be closely 
tied round and a final | ineh of composition applied. When quite dry a coat 
of coal-tar should be applied. 

Advantage of heating Feed tmter .—1 pound of water requires 160 units of heat 
to raise it from 62° F. to 212° F. and 1000 units of heat to evaporate it from 
and at 212° F. If therefore the feed water be raised to 212° F. by means of 
exhaust steam, 160 units will bo saved and the reaulting economy will be 
160 X 1 ^ 0 / 

1000+180 

Design of Tall Chimneys. 

The stability of tall chimney stacks depends upon the weight of the brick 
work of the shaft and the pressure of the wind upon the outer surface. 

The effective wind pressure on the face of a tall chimney varies <N>nsiderably 
with the section of the stack. Colonel Moore gives the following table of 
coefficients to be applied in calculating the effective wind pressure on the faces 
of various solids. 

Coefficients OF EFFECTIVE wind pressure on solids. 


Solid. 

K. 

( Wind acting. 

Sphere 

1 *31 

• • • • 

Cube . • 

•81 

Normal to face. 

,, .. 

•66 

Parallel to diagonal of faci 

Cylinder (height = Diam.) .. 

1 *47 

Normal to axis. 

Cone (height = Diam. of base) 

•38 

Parallel to base. 


K = Ratio of the effective pressure on a body to the pressure on a thin 
plate of area equal to the projected area of the body on a plane normal to the 
direction of the wind pressure. 

The following effective horizontal wind pressure may be employed for ohim 
neys of various sections:— 

on a square chimney, 60 lbs. per sq. ft. 
on a octagonal chimney 32 lbs. „ „ 

on a circular chimney 25 lbs. „ „ 

Let W =» weight of brickwork in tons above any horizontal section. 

A =» area of horizontal section in square feet. 

I = moment of Inertia of horizontal section in feet units. 

R = outside radius and r = inside radius in ft. 

P = Total wind pressure in tons against surface of chimney above the 
horizontal section considered. 

h s=» height in feet of centre of pressure of wind above the section. 


Thus direct compression on section duo to dead weight of brickwork = 


W 


tons per sq. ft. 

Bending moment due to wind pressure =s P x % foot-tons. 

Stress due to bending = +-j-tons per sq. ft. 

The plus sign denoting compression at the lee-ward face and the minus sign 
tension at the wind-ward face of the section. The tensile stress due to the 
bending action of the wind pressure should not exceed the direct compression 
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due to the dead weight above any horizontal section. The stress should 
not be reduced to 0 on the windward face. 

Tables (1) and (2) show the results of the application of the above 
rules to the design of circular chi mneys 160 ft. and 150 ft. high respectively 
above ground level. The weight of brickwork is taken as 112 lbs. per. c.ft. 
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38 - 37 ! 


53-98 


)3 


70-44 


34 


88-83 



427 


03 


Table (2). Design of a Brick Chimney, Height 160 


Diameter. 


QQ 

■3 

o 


o 

T3 

"fi 

d 


Sectional Eleva* 
tion. 


OQ 

•a 

0 

•«« 

o 

o 


•-d 

.s 

u 

o 

‘5* 



Oompreasion 
in tom per 


et 

hft. 

\ 

m 

'0 





i 8 

'0 

.a 

1 


i 2 

i 


I 



( 





•06 


1*38 


1-71 

3-67 

5-23 

6'70 

7-72 

3-90 
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46' is an ordinary height to serve two steam boilers, but in some towns 90 ft. 
is minim, allowed. They are sometimes proportioned for height according to the 
coal burnt per week of 50 hours thus;— 

4 tons per week — 75 ft. high I 50 tons per week =- 150 it. 

13 do. = 100 do. I 100 tons do. = 180 ft. 

20 do. = 120 do. I 150 tons do. = 200 ft. 

Consumption of Fuel, —The consumption of coal, per I. H. P. depends 

upon the boiler as well as the engine, say :— 

Non-condensing Engine .. 3 lbs. coal per I.H. P. per hour. 

Simple condensing 2 lbs. do. do. 

Compound condensing „ 1*75 lbs. do. do. 

Triple compound „ 1-5 lbs. do. do. 

Qu^niple compound Engine 1’25 lbs. do. do. 

Sizes of Manholes in Boilers, 

12^ X 8" can bo entered by a boy. 


irxo" 

do. 

do. 

lad. 

14''X10' 

do. 

do. 

average man. 

16''XI2" 

do. 

do. 

stout man. 


Causes of Primi,ng, 

(1) Changes in density of feed water from fresh to salt or vice versa. 

(2) Rapid extraction of steam after perfect rest. 

(3) Sometimes sudden starting of engine. 

(4) Feeding with muddy water or water contaminated with sewage. 

(6) Steam space too limited. 

(6) Defective circulation in boiler. 

(7) Hard firing. 

Factor of Safely Steam Butlers, 

'rest pressure — ^ ultimate strength. 

Working pressure if under periodical inspection ” ,* ultimate strength. 

Working pressure if not under independent inspection — ultimate strength. 

In estimating ultimate strength ample allowance should be made for defects 
in design or workmanship. 

Cooling Towels. 

Cooling towers are employed whore condensing water cannot be obtained in 
sufficient quantity. The circulating water is broken up into sprays or thin 
sheets and falls through a current of air. The‘air in becoming warmer, takes 
up heat from the water, evaporation also takes place and tends to saturate the 
air. This evaporation is *8 to ’96 per lb. of steam exhaust to the condensers. 
The distance between .spray outlets and tank under the tower is usually about 
26 ft. The towers are 50 to 80 ft. high for natural draft, but may be shorter if 
forced draft fan is used. The ground area required is 1 sq. ft. per 20 lbs. steam 
condensed per hour approx. The circulating water required is 70 gallons per sq. 
ft. of ground area, cooled from 95° to 76°. The circulating Water required is 25 
to 30 ll». per sq. ft. per hour. If forced draft is used, the fan requires *3 per 
cent, to *6 per cent, of the H. P. )f the main unit. 
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CoBiasH AND Lancashire Boilers (Hatrez). 
D = Diameter of boiler ia iuclics. 
d s=s Diameter of flues in inches. 

L ss Length of shell uf boiler in feet. 

I = Length of Are grates in inches. 

H — Nominal horse-power at 16’9 square feet per H. P. 
p = EffcKJtive pres-sure in atmospheres. 

W — Total weight of boiler in lbs. 

In Cornish Boilers :— 

Space between underside of flue and shell 4 to 6 inchoa 
Depth of water over flue „ „ 4 to 8 „ 

Cornish Boilers. Lanoashiro Boilers. 

D = l'7rf D = 2'U 


D = 11-42 VH 
d = 6-72 VH 
2 = 11-8 \/fl 
L = 5-1 VH 


D = 11-4VH. 
d = i-SB-x/H. 

I = s-es-s/Hr 

L = 14-4 +0-46 H. 


W = H (llOd'22 p VH) VV *= H (220 H-12-.35 
And area of chimney, 15 J square inches per hoi'Se-power. 

Table showing diameter of shell and flue and length and weight of boilers 



CoRNisn Boilers. 

Lancashire Boilers. 

O 

Si 

o§ 

Dia¬ 
meter of 
SheU, 

Dia¬ 
meter of 
Flue. 

Length 

of 

Boiler. 

Weight 

of 

Boiler. 

Dia¬ 
meter of 
Shell. 

Dia¬ 
meter of 
Flue. 

Length 

of 

Boiler. 

Weight 

of 

Boiler. 

10 

20 

30 

40 

50 

60 

36 in. 
51 „ 

m >, 

72i „ 

mi „ 
88} ,, 

21i ins. 
30 .. 

m , 

42i „ 
47i „ 

52 „ j 

• 

16*1 ft. 
22-8 „ 
28 „ 
32-3 „ 

36 

39*5 „ 

2'04 tons 
5*37 ,, 

9-54 „ 
14-39 „ 
19-82 „ 
25-77 „ 

• • 

• » 

62^ ins. 
72 „ 

80* „ 
88* „ 

• • 

• • 

25 ins. 
28| „ 
32* „ 
34* „ 

« • 

28-2 ft. 
32-8 „ 
37-4 „ 
42 „ 

• • 

• a 

7'48 tons 
10-90 „ 
14-66 „ 
18*72 „ 


Pressure assumed at 5 atmospheres effective or 6 atmospheres absolute. 
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Combined Fcbnacb and Boiler Eftioienoies. 


B. T. U. per lbs. of 
dry coal. 

50% 

60% 

70% 

80% 

Evaporation 
per Ite. of coal. 

lbs. coal per 
boiler H.P. 
hour. 

Evaporation per 
lbs.of coal. 

'ifrf 

ll 

Evaporation 
per lbs. of coaL 

lbs. coal per 
boiier H. P. 
hour. 

1 

Evaporation 
per lbs. of hour. 

lbs. coal per 
boiler H. P. 
hour. 

8,000 

4T42 

8*33 

4*97 

6’04 

6-80 

5*96 

6*28 

5*20 


6'66 

1 7’41 

5-59 

6-18 

6*52 

5-28 

7*46 

4*63 


6’224 

: 6*60 

6*27 

6*50 

7*31 

4*72 

8-36 

4*13 

11,000 

5’695 

' 0*06 

8-.34 

6-05 

7-97 

4*33 

9’]l 

3*79 

12,000 

6’213 

5-56 

7*46 

4*63 

8*70 

3*97 

9-04 

3*47 

13,000 

6*731 i 

! 5*12 

8*08 

4-27 

9-42 

3-66 

10-77 

3*20 

14,000 

7-240 i 

! 4’76 

8*70 

3-97 

10’15 

3*40 

11-60 

2*98 

14,500 

7’o(i8 1 

( 

1 

1 

4*60 

9*01 

3*83 

10 *51 

3-28 

12*01 

2*87 


The value of good Indian coal ranges from 8,000 to 10,000 B. T. 11. per 
lb. of coal. 


Weight of Rim oj Flywheel, 


KHP 

W = Weight of fly wheel rim =- 

van 

Where R = Revolutions per minute. 

V s=i Velocity of rim in feet per second. 

HP = Actual Horso-power. 

K = 16,000,000 for lbs. = 143,000 for cwts. = 7,140 for tons. 

When there is a groat iiTegulaiity of load or very high expansion, or extreme 
uniformity is required, multiply K by PS or even by 1 *8 in extreme cases. 

The usual diameter of a fly-wheel is from 3^ t*o 4 times the stroke of the 
engine, but in corn-milla or heavy machinery rotating at high velocity, the velo¬ 
city of the periphery must exceed the velocity of the periphery of the stones 
or machinery, to prevent back lash. 

^ Maximum safe velocity of rims of cast-iron fly wheels is 80 feet per second. 
This may be increased to 90 feet in small wheels cast in one piece, 

Fi’ench Horse-power Farce-de-cheval. 

I French H. P. = 76 kilogram meters (642*486) ft. Jbs. per Second. 

1 Foree-de-cAeval *= *98638 H, P. 

1 H. P. « 1’01386 
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PORTABLE OIL ENGINES. 
Table of Sizes, Pimensions and Weights. 



Revs. 

per 

minute 

1 Pulley for 

1 driving 

1 Thrasher 

1 Road \V heels. 

Approxi¬ 

mate 

Weight 

Cwta. 

Net. 

Price 

Approx¬ 

imate. 

Crude 

Oil. 

i 

Refined 

Oil. 

Hind. 

Fore. 

i 

S 

a 

Width 

Diam. 

Width 

g 

ft 

Width 

10 

11 

1 

450 

1 

in. in. 

17 X 6 


in in. 

24 X 4 

25 

2400 

1C 1 

17J 

380 

20 X 

1 

30 X o 

24 X 4 

34 

3260 

oo 

24 

360 

22 X 7 

39 X 6 

30 X 5 

45 

4050 

2R 

81 

340 

24 X 8 * 39 X G 1 30 X 5 1 

56 * 

6C00 


Nov-CONDENSING ENGINES. WITH VERTICAL BOILERS. 



Nominal Horse-power. 

(*» 

ml 

4 

G 

8 

10 

12 

Pifuuoier of boilei 



3'-9" 

4'*C" 

4'0" 

6' 

Height of boiler 

5' 

6'*9'' 

8''0" 

8'-C" 


ir 

Diameter of cylinder .. 

5" 

T 

9" 

10" 

11" 

12" 

Length of stroke 

8" 

10" 

11" 

12" 

13" 

14" 

Revolutions per min. .. 

200 

160 

1.3.5 

125 

116 

110 

Weight packed in tons 

U 

2J 

2| 

6 

H 

n 

Price, Ks. 

2,000 

3,700 

4,500 

5,000 

6,000 

7,000 


Portable Engines (Single Cylinder). 


(100 lbs. Pressure), 



Nominal Horse Power, 

4 

6 

8 

1 

10 

12 

Diameter of cylinder inch 

Length of stroke inch 

Revolutions per minute 

Approx, weight in tons, packed 
Price, Rs. 

H 

10 

165 

3 

5,000 

8 

12 

140 

4| 

4,380 

9 

13 

140 

1 

6,100 

10 

14 

140 

C| 

6,800 

12 

15 

130 

n 

6,700 
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Portable Engines (Double Cylinder). 
100—116 lbs. Working Pressure. 



Nominal Horse-power. 


10 

16 

20 

26 

30 

Diameter of cylinder in inches .. 
Stroke in inches 

Revolutions per minute 

Weight packed in tons 

Price, Rs. 

7 

12 

140 

6i 

6,400 

9 

14 

125 

9i 

8,500 

10 

14 

12.5 

lOi 

10,800 

12 

18 

110 

15i 

13,000 

■ 


Extra on above for colonial type boiler (which can burn wood) at Rs. 21 
per N. H. P. extra. 


Useful Practical Hints for Engineers. 

Oil Engines .—Allow 5% loss of power for every 1,000 ft. rise above sea level. 
Allow 1 % loss of power for every 6 degrees F. rise in temperature above 65® F. 
Allow at least 20 gallons of cooling water per B. H. P. hour at about 90° F. In¬ 
sufficient cooling Water results in loss of power. 

Use only the best quality lubricating oil. The consumption of this should 
not exceed 6% of the quantity of fuel oil consumed when working at full load 
(no redaction at light loads). 

Portable Steam Engines. 

One N. H. P. is equal to about 4 B. H. P. maximum, (but for economical 
workii^ times); coal should be slightly damped when firing these boilers. 
Do not allow the exhaust steam to go directly into the feed water otherwise oil 
ds fed into the boiler causing priming. If you wish to utilize the exhaust steam 
put in a feed water heater. 

When working with an injector do not let the temperature of the feed water 
•exceed 110® F. 

Vertical Boilers. 

When selecting a vertical boiler for supplying steam to an engine allow for 
an additional 10% over and above the quantity of steam calculated according to 
the steam consumption of the engine. Carefully adjust the damper to avoid 
•excessive coal consumption. 

Slide Valye Steam Engines. 

Approximate steam consumption when running non-condensing 33 lbs. per 
1. H. P. per hour with a good jet condenser the consumption is about 28 lbs. 
per I. H. P. hour. 

The approximate quantity of cooling water required for a condenser is 35 
^gallons per 1. H. P. per hour. 
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Luhricanta for Various Cases. 

(1) Under very great pressure with alow speed:— 

Graphite, soapstone, tallow and other greases. 

(2) Under heavy pressure and high speed:— 

Sperm oil, castor oil and heavy minerfil oila 

(3) Under light pressure nud high speed:— 

Sperm oil, refined petroleum, olive, rape and cotton seed oil. 

(4) Ordinary muchin&s, Lard oil, heavy raiuoral and other vegetable oils. 

(5) Steam cylinders:—Heavy mineral oils. 

(6) For lubricating the dies in a screwing maclune cheap mineral oil is 

generally used. 

(7) To lubricate turning and milling tools working on wrought iron or mild 

steel, a mixture of oil, soft soap and water is used— Adams. 

Cylinder Lubrication. 

Animal and vegetable fats and oils are easily decomposed by high pressure 
steam into acids having a corrosive effect on metal and hence should not bo u.sed. 
A good cylinder oil should have a specific gravity of about -0 at 60° F. flash 
point 650° F. For gas engines and high pressure steam engines worked with 
super-heated steam a pure hydro carbon oil of very high flash point should bo 
used. Always consult the manufacturer's instructions. 

FACTORIES. 

Number of Teeth in Wheels. 

If N =s number of teeth in driving wheel, 
n = number of teeth in driven wheel. 

V = Revolutions of driving wheel. 

V = Revolutions of driven wheel. 

rru NV , NV 

Then n =.— and v =»-. 

V n • 


Leather Belting. 

To find the Horse Power transmitted by leather 6elf.—-Multiply speed in feet 
per minute by width in inches and divide by 3,3000, let the result bo R. 

60 R == H. P. transmitted by single belt. 

66 B => H. P. transmitted by light doable belt. 

80 R H. P. transmitted by heavy double belt. 
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Approximate Horse Power transmitted by leather belting for every 100 ft. 

velocity per minute. 


1 

Width in j 

Single. 

Light double. 

1 

j Heavy double. 

1 

1 

Remarks. 

inches. j 


1 

1 


;i 1 

•43 

•60 

•73 

a 

't: 

o 

4 

.60 

•SO 

1 1 *00 

;3 

C 

.-H 5^ 

9 -S 

.£3 c: 

mt 

0 

•75 

i-oo 

1-25 



•90 

1 -20 

: 1 -63 


^ ‘3 

mm 

f 

1-03 

1-10 

1 1 *80 

(H 

>> fri 

8 , 

1-20 

1-60 

2 00 

P-> c 

OB S 

^ V 

9 

U) 

11 i 

1-35 

1-50 

1-65 

1-8^.) 

2-tK) 

2-20 

2-25 

2-53 

2-73 

o 

.c 

SH 

o 59 . 

-i ® O 

- s« § 

53 . S 

12 : 
14 

1-80 

« • 

2-40 

2-80 

3-3 
3-85 

•Sp 

23 ^ c8 

-3 

10 

IS , 

» • 

( 

• • 1 

3*20 

3-60 

4*4 

t-93 

*• 

c II 

II II II 

20 

! 

4-00 

5-50 

Q > 

-r 

® •* 


i 






Useful Hints, 

(1) One H. P. will bo transmitted by a 8in<>le thickness bolt one inch wide 
running at tlie sp»^d of 1,000 ft. per minute. 

(2) A belt square inch section will transmit one Pi. P. at the 

foregoing rate. 

(;i) It is safe to reckon that a double belt will do half as much work again 
as a single one. 

(4) A double bolt should not be used upon pulleys whose diameters are leas 
than about 3 times the width of the belt. 

(5) Rubber belts will transmit from 23 to 40 per cenh more 11. P. than 
leather b'^lts. 

(6) Long belts are more elTectivc than short ones. 

ft 

Approximate Weight of Leather Belting in lbs. per 100 ft. in len^h. 

Heavy Doodle Leather Belts. 


Width in inchca 

3 

4 

5 

6 

) 

7 

1 

8 

9 1 10 

1 

12 

Double belts, medium 

33 

1 

76 

1 

92 

no 

135 

160 

1 

1 

1861 216 

265 

„ „ strong 

59 

8:1 i 

100 

120 

145 

172 

200i 230 

t 

( 

280 
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Single Leather Belt^ 



Velocity in It. 
per minute. 

1 

4 


1000 

2-5 

1500 

3*7 

2000 

5*1 

2500 

6-2 

3000 

7*1 

3.500 

7-8 

4000 

8-4 

4500 

8-7 

5000 

8-7 

5500 

8-4 



Velocity in feet per 



X diameter of flywheel or pulley X No. of 


revolutions per minute. 
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Tho above table has been calculated by the following formula 
Let D = Diameter of rope in inches. 

S =s Speed of rope in feet per second.. 

T == Total Str ss allowed in lbs. 

E = Elfeolive Stress in lbs. 

W = Weight of one foot of rope in lbs. (the weight per foot Ima 
been taken as equal to *27 D2 lb.s.). 

Assume T to be 160D^. In order to obtain the Effective Stress (E) the loss due 
to Centrifugal Tension has to bo deducted from the Total Stress. 

Centrifugal Tension in lbs. =» 


The H. P. can now be calculated by tho formula 


H. P. = 


^xE 

650 


Useful Uinta, 


(1) Take care that the ropes do not get wet; water is harmful. 

(2) Take care that ropes a not rub on anything in their flight, either when 
running at full speed or when starting and stopping the engine. 

(3) Take care that ropes do not slip; if they slip they are probably over¬ 
loaded, or are too small for the ^ooves. 

(4) All ropes should bo lubricated with a good anti-fraying and lubricating 
composition. Black lead mixtures should not be used. 

(5) Tho minimum diameter of tho smallest pulley should be 30 times the 
rope diameter. Tho most satisfactory drives are obtained with rope spCv^ds of 
about 3,600 to 6,000 ft. per minute.. 

Advantages of Rope Driving. 


1. —Tho question of first cost; also that of renewals. Rope Driving is very 

much cheaper than ElecI.rical Installations, Belts or Gearing. 

2. —Saving in size of Pulleys and driving space ; a rope IJ in. diameter will 

transmit as much power as a belt 6 in. wide. 

3. —Freedom to drive shafts at almost any desired distance apart, and with 

almost any variation in speed. 

4. —Slipping reduced to a minimum, and easier distribution of power. 

6,—Elasticity; adding to tho safety of the "driving, thereby reducing stop¬ 
pages. 

6. —Lighter running, less noise, and more positive drive. 

7. —Freedom from stoppage or breakdown. If it should happen that a rope 

gives way at any time, it can be easily removed, the remaining ropes 
doing the work until stopping time, or such time as the rope can be 
* repaired or a new one put on in its place. 

8. —Rope drives may be substituted for heavy leather belts and trained to 

any angle. 
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Pulleys for Bops Driving. 


Manila Rope ll'' diam. on 3 ft. pulley wiD transmit 5 I. H. P. 


99 

99 

ir 

99 

» 4 ft. 

99 

99 

99 

8 

I. 

H. 

p. 

99 

99 

If 

99 

„ 5 ft. 

99 

99 

99 

11 

I. 

H. 

p 

99 

99 


99 

„ 6 ft. 

99 

99 

99 

15 

1. 

a 

p 


(James Combe ,) 

The pulleys should not be less in diameter than (circumference of rope)* X 3. 

For rope driving the sides of groove make an angle of 10® with each other 
<lown to the semi-diameter, and 4o® below, the bottom of the groove being ourred 
with a radius of f diameter of rope, with a clearance of \ diameter. 

Transmitting Power by Wne Bopes. 

(а) For ropes made of 7 wire strands the diameter of pulley should be about 

100 times the diameter of rope. 

(б) For ropes made of 12 wire strands the diameter of pulley should be 

about 115 times the diameter of rope. 

(c) For ropes made of 19 wire strands the diameter of pulley should be 
about 150 times the diameter of rope. 

Provided the driving and driven pulleys are of equal and not less diameters 
than given in the following Tables, the horse power each rope will transmit is 
approximately 3 times the square of the diameter of l ope in inches multiplied by 
the velocity in ft. per second. 


Diam. of rope inches. 

7 wire 
strand 
ropes. 

12 wire 
strand 
ropes. 

19 wire 
strand 
ropes. 

Horse power of wire ropes at velocities given in ft, 

per second. 

Smallest diameters 
of pulleys which 
should be used. 

Diam. 

in 

inches. 

Diam. 

in 

inches. 

Diam. 

in 

inches. 

10 

20 

30 

40 

50 

\ 

60 

70 

80 

1 

54 

42 

36 

0 

9 

13| 

18 

j 

22^ 

27 

3H 

36 

h 

72 

60 

48 

8 

16 

24 

32 


48 

1 

56 

64 

f. 

96 

72 

60 

12 

24 

36 

48 

1 


72 

! 

84 

06 


108 

84 

72 

17 

35 

52 


87 


122 

140 

1. 

132 

' 96 

S4 

24 

48 

72 

1 96 

120 

1 

144 

|168 

192 

1 

114 

120 


31 

62 

i 93 

124 

155 

186 

217 

248 







Tables for ascertaining the pull on a haolage rope for various 

INCLINES. 


Incliue 

A. 


1 in 100 
os 


3 for Gradual Inclines. 


Multiplci Multipl 


Angle 

B. 


for Loud 

C. 


for 

Friction 

D. 


Table for Steep Inclines 


Multiple 

for 

Friction 

H. 
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Miiltiply the sum of the weights of the Load, the Truck, and the full weight 
of Rope (when truck is at the bottom of the incline) by the figure in column C or 
G, correspondiQg to the incline. The answer is the nkt pull on the rope regard¬ 
less of friction. Allowance for friction may be taken at from 15% to 30%, accord¬ 
ing to the condition of the track. The frictional resistance of the track decreases 
as the incline becomes more acute, it therefore follows that the percentage allowed 
for friction will be reduced. To meet this condition the multiples given in column 
D and H may be resorted to, 

(1) Example ,.—A load of 0Ocwt. i» to be hauled along an inUine of 1 in 9, 
What is the pull on the rope ? 


Pull on 
rope result¬ 
ing from 
the incline. 


f Weight of the load in the truck 60 ewt. 

„ „ truck .. say 30 „ 

„ ,, rope .. ,, o ,, 

Total 95 cwt. 

Load multiple in column C for an incline of 1 in 9 =* TIO, this 
..multiplied by 95 gives 96XT 10 = 10*46 owt. pull on rope. 


Amount to r Assume a track in fairly good condition, for which 25% is estimated 
be added i as covering loss duo to friction. The multiple in column D is I 
for ) so the percentage remains unchanged, and 25% of 10'46 = X 
friction. ( 10*46 = 2*61 cwt. 

f Pull due to incline .. 10*45 owt. 

Total pull) „ „ friction .. 2*61 „ 

on rope. } - 

Total pull 13'06 „ 


(2) Example .—^A load of 60 cwt. is to be hauled up an incline of 40°. Find 
the pull on the rope. 


f Weight of the load in the truck 


Pull on rope I 
resulting j 
from 

the incline. 


19 

99 


truck 
I ope 


say 




60 cwt. 
30 
12 


99 


Total .. 102 „ 

, Load multiple in column G for an incline of 40® =*643, this multi- 
[_plied by 102 giveg 102 X'043 = 65‘58 cwt. pull on rope. 


Amount / Assume a track in good condition for which 20% is estimated as 
to bo added 5 covering loss due to friction. The multiple in column H is *766, 

for 1 and 20 X '766 = 16 '32, say 16% and 16% of 66 *68 X66*68« 

friction. ( 9‘83 cwt. 

^ Pull due to incline .. 66'58 cwt. 

Total pull 1 „ „ friction .. 9'83 „ 

on rope. 


Total pull 75*41 cwt. 
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Having ascertained the pull on the rope, the equivalent hcrae-potver may be 
obtained ae follows :— 

(1) Exauple.—A ssuming a rope speed of 4 miles per hour; 4 X 5,280 k 2] ,120 
feet per hour 60 *« 352 feet per minute. 

13‘06 cwt. = 1,462 lbs. ; X 352 gives 515,000 foot«pounds 

per minute, and » 16-6 h. p. 

33,000 ^ 

(2) Example. —Assuming a rope speed of 2 miles per hour; 2 X6280 =510,660 
feet per hour -r 60 = 176 feet per minute. 

75*41 cwt. 8446 lbs.; X 176 gives 1,486,600 foot pounds 

per minute, and == 46 h. p. 

Formula for the Horse Power which Mild Steel Shafts of good quality 

will transmit at various speeds. 

For HEAD SHAFTS which are well supported :— 

Multiply the cube of the diameter of the shaft by the revolutions per 
minute and divide the product by the constant 100. 

For LINE SHAFTS, well supported, from which power is being taken at fre¬ 
quent intervals along its length, such as obtains in Machine Shops, 
Engineering Works, Textile Factories, etc.:— 

Multiply the cube of the diameter of the shaft by the revolutions per 
minute and divide the product by the constant 66^. 

For TBANSMISSION SHAFTS, well supported in bearings for transmitting 
power only, and not subject to any transverse strain, also for short 
oountershedU supported at short centres, and where the pull of belts, 
ropes, etc., come close to bearings 

Multiply the cube of the diameter of the shaft by the revolutions per 
minute and divide the product by the constant 50. 



Table of Diametbes, Cubes of Diameters and Horse Powers at one Revolution per minute. 
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Shafts receiving motion from Gas or Oil Explosive Engines or which are subject to heavy intermittent or 
shock loads, or vibration of Gear Wheels should not be of less proportions than the dimensions determined 
by the formula for Head Shafts. The power of Wrought-Iron Shafts may be taken as 15 to 20 per cent, less 
than good quality Mild SteeL 
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Diameters in Inches of Wrought-iron Shafts. 


Number of Devolutions per Minute of Wrouglit-iron Shafts. 


power. 

10 





100 


IQ 

400 

500 

600 

1 

800 

1000 


Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins, 

Ins. 

1 

2-32 

1*84 


1*28 


1*08 

0*85 0*75 

0*68 

0*63 

0*59 

0*54 


2 

2*92 

2-32 

1*84 

1*61 

1*46 

1*36 

1*08 0*94 

0*86 

0*80 

0*76 

0*68 

0*63 

3 

3*40 

2*66 

2*11 

1*71 

1*67 

1*55 

1*24 

ro8 

0*98 

0*91 

0*86 

0*78 

0*72 

4 

3*68 

2*92 

2 *32 11-80 

1*84 

1*71 

1*36 

1*19 

1*08 

1*00 

0*94 

0*86 

0*80 

5 

3*97 

3*16 


1*88 

1*99 

1*84 

1*16 1*28 

1*16 

1*08 

1*02 

0*92 

0*86 

6 

4-22 

3-35 

2*6612*06 

2*11 

1*96 

1*56 

1*36 

1*24 

1*15 


0*98 

0*91 

7 

4-4413 *52 

2*80 12*12 

; 

2*22 

2*06 

1*64 

1*43 

1*30 

1*21 

1*14 

1*03 

0*96 

8 

4-64 '3*69 

2 *92'2*27 

2*33 

2*15 

1*71 

1*49 

1*36 

1*20 

1*19 

1*08 

1*00 

9 

4-82 

3*83 

3 *04 !2 *40 

2*42 

2*24 

1*78 

1*56 

1*41 

1*31 

1*24 

1*12 

1*04 

10 

5*00 

3*08 

3*15 !2*75 

2*50 

2*22 

1*85 

1*61 

1*47 

1*36 

1*28 

1*16 

1*08 

20 

6*30 

6*00 

3-9713 *4 7 

3*15 

2*92 

2*33 

2*03:1 *84 

1*71 

1*61 

1*46 

1 *36 

30 

7*21 

5*72 

4*5413*97 

3*61 

3*34 

2*66 

2*33 

2*11 

1*90 

rs4 

1*68 

1*55 

40 

7*94 

0*30 

5*00 

1*37 

3*9813 *68 

2*92 

2*56 

2*33 

2*15 

2*03 

1*85 

1*71 

60 

8*65 

0*79 

5*384*71 

4*28 

3*97 

3*15 

2*75 

2*50 

2*33 

2*19 

1*99 

1 

1*84 

60 

9*08 

7*21 

5*72 !5*08 14*55 

4*21 

3*35 

2*93 

2*66 

2*47 

2*33 

2*11 

1*96 

70 

9-67 

7*59 

6*03 

5*27 4*79 

4*44 

3*53 

3*06 

2*80 

2*00 

2*44 

2*22 , 

2*00 

80 

10*0 

7-94 

0*30 

5*51 

5*00 

4*64 

3*63 

3*22 

2*93 

2*71 

2*55 

2*33 ' 

2*15 

90 

10*4 

8-25 


5*73 

5*20 

4*82 

3*83 

3*36 

3*04 

2*82 

2*61 

2*42 

2*24 

100 

10*8 

8-55 

6*78; 5 *93 

5*39 

5*00 

3*97 

3*47 

3*15 

2*92 

2*75 

2*50 

2*31 

140 

12*0 

9-57 

7*59'6*64 


5*69 

4*44 

3*88 

3*52 

3*27 

3 08 

2*80 

2*59 

180 

13*1 

10*4 

8*26 

7*21 

6*55 

6*08 

4*83 

4*22 

3*83 

3*50 

3*35 

3*04 

2*82 

200 

13*6 

10*8 

8*55 

7*48 

6*79 

6*30 

5*00 

4*37 

3*97 

3*68 

3*47 

3*15 

2*92 

260 

14*6 

U*6 

9*22 


7*32 

6*78 

5*39 

4*70 

4*27 

3*97 

3*73 

3*39 

3*15 

300 

15*5 

12*3 

9*80 

8*57 

I'll 

7*21 

5*73 

5*00 

4*54 

4*11 

3*97 

3*61 

3*35 

350 

16*3 

13 0 

10*3 

9*00 

8*18 

7*59 

6*03 

5*41 

4*78 

4*44 

4 "28 

3*80 

3*52 

400 

171 

13*6 

10*8 

9*42 

8*66 

7*94 

6*30 

5*50 

5*00 

4*64 

4*37 

3*92 

3*68 

460 

17*8 

14*1 

11*2 


8*89 

8*26 

6*5.5 

5*72 

5*20 

4*83 

4*54 

4*13 

3*88 


18*4 

14*0 

11*6 

10*1 

0*21 

8*55 

6*79 

5*93 

5*39 

5*00 

4*71 

4*27 

3*97 


19*0 

15*1 



8*82 

7*01 

6*12 

5*56 

5*16 

4*86 

4*41 

4*10 


19*6 

15*6 

12*3 


9*79 

9*08 

7*21 

6*30 

5*72 

5*32 

5*00 

4*54 

4*22 


20*7 

16*4 

13*0 

11 4 

10*3 

9*56 

7*59 

6*63 

e^os 

6*59 

6*26 

4*78 

4*44 

800 

21*5 

171 


11*9 

10*8 

10*0 

7*94 

6*93 

6*30 

5*85 

5*5h 

5*00 

4*64 

1000 

23 y 

18-5 

14*6 

12*8 

11*6 

10*8 

8*55 

7*47 

6*79 

6*;?0 

5*93 

6*39 

5*00 
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A'p^roximat^ Centre Distance apart of Bearings for Shafting Carrying 

Normal Loads. 


TRANSMISSION SHAFTING 


Fob Transmittino Power only. 


Approximate limit of distance apart of Centres of Bearings for Shafts 
which do not carry any Pulley, Gears, etc. 


Dia. of 
Shaft in 
Inches. 

U 

i 

12 

1 

t 

2 

22 

1 

1 

2| 

1 

1 

1 

! 3 

1 

1 

32 

i 

32 

4 

42 

5 

H 

6 

Revs, per 
Minute. 

Distance between Bearing Centres in feet. 

100 

9 

1 

10 

11 

112 

12 

1 

t 

12 J 

13 

1 

1 

132 

14 

142 

15 

16 

17 

1 

1 

i 18 

150 

Si 

9i 

10| 

112 

111 

12 

122 

13 

132 

14 

142 

152 

162 172 

200 

8 

9 

102 

lOJ 

112 

112 

12 

122 

13 

132 

13| 

14| 

16f! 16f 

250 

n 


10 

102 

10| 

11 

j 112 


122 

12i 

132 

14 

15 

16 

300 

7 

8 

92 

92 

10 

1021 io|| 11 

11 

12 

122 

132 

14 

15 

350 

6| 

72 

8| 

9 

92 

92 

10 

102 

j 

10|i 

1 

11 

112 

122 

13 

13| 

400 

6i 

7i 

8 

82 

82, 

9 

92 

92 

10 j 

102 

102 

112 

12 

122 

500 

5| 

62 

72 

72 

8 ! 

82 

9 

92 


92 

10 

102 

11 

112 

600 

5J 

62 

7 

72 

72! 

8 

82 

1 

9 

92 

92 

9| 

10 

loij 

11 

700 

4i 

52 

62 

1 

62 

7 i 

72 

8: 

1 

) 

82 

8f| 

9 

92 

m 

10 


800 

H 


6 1 

6ii 

62, 

1 

7 

72; 

1 

•8 

82 

8f 

9 

92 



1,000 

4 


62 


6 i 

1 

62 

7 1 

1 

1 

72 

8: 

1 




1 

1 
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ApproximaU Centre Distance apart of Bearings for Shafting 
Carrying Normal Loads, 

LINE SHAFTING 

Careytng Pulleys, etc. 

Approximate limit of distance apart of Centres of Bearings for Shafts 
which do not carry more than an average number of pulleys transmitting 
normal powers. 


Dia. of 
Shaft in 
Inches. 














6 

Rev.*?, per 
Minute. 

Distance between Bearing Centres in feet. 

100 

n 

n 

8 

I 

84 

9 

0. 


101 

11 

114 

12 

13 

14 

16 

160 

6| 

H 

7| 

8i 

8| 

94 

9f 

104 

J0| 

lU 

nri2i 

134 

144 

200 


7 

n 

8 

84 

9 

94 


104 

11 

114 

124 

134 

14 

260 

6 

6i 

n 

7| 

84 

8| 

94 

9| 

10 

104 

11 

114 

124 

134 

300 


H 

7 

74 

8 

84 

8i 

94 

94 

10 


11 

Hi 

124 

360 


6 


74 

7| 

8 

84 

8| 


94 

9| 


11 

114 

400 

6 

6i 

64 

7 

74 

7| 

8 

84 

84 

84 

9 

94 

10 

104 

600 


H 

64 

64 

7 

74 

7| 

8 

84 

84 

84 

94 

94 

10 

600 



6 

64 

64 

7 

74 

74 

8 

84 

84 

9 

94 

94 

700 

4 

4i 

64 

6| 

6 

64 

7 

74 

■74 

8 

84 

8j' 

84 


800 

H 


6 

64 

64 

6 

64 

7 

74 

7| 

8 

81 



1,000 


4 


4| 

5 

64 

6 

64 

7 
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Maximum Speed oj Gearing. 
Ordinary Cast Iron Wheels 

1,800 ft. per minute 

Helical Cast Iron Wheels 

• • 

2,400 „ „ 

Mortise Cast Iron Wheels 

» • 

2,400 

Ordinary Cast Steel Wheels 

• • 

2,600 

Helical Cast Steel Wheels 

• • 

3,000 ,, ,, 

Special Cast Iron Machine Cut Wheels 

• • 

3,000 

Double herring bone gears in oil 

« • 

5,000 ,, „ 


H. P. AND WORKING LOADS OF CUT CAST STEEL GEARS. 


Spbsd of pitch line in feet peb minute. 



1 

1 

1 

No. of 

Teeth. 

100 

1 200 

300 

600 

900 

1,200 

Diametra 

pitch. 

Circular 

pitch. 

• 

S'H 

12 

« 

(3C . 
S3 'XJ 

a; 

w 


td 

« 

■ 

Ah’ 

hi 


Ai 

hi 

• 

Hi 

P4 

hi 

10 

■3142 

12 

■ 

■27 

79 

m 

70 

■63 

53 

•96 

42 

1-16 

35 

1-27 



20 

mm 

•36 

105 

•63 

94 

•86 

70 

1-27 

56 

1‘53 

47 

1-71 




146 

•44 

127 

•76 

113 


85 

1‘55 

68 

1-86 

56 

2-04 



60 

162 

•46 

133 

•80 

119 

1-07 

89 

1-62 

71 

1-94 

60 

2-18 




IS 

•49 

wm 



1-12 

94 

1-71 

74 


62 

2-26 

8 

1 

•392 

12 

113 

■34 

98 

Kr 


•78 

66 


52 

1-42 

44 






.46 



PIP; 

1-04 

87 

1‘58 

70 

1*91 

58 

2-11 





•65 

158 

t 

■tii 

1-27 


1-91 

84 

2‘29 

70 

2-54 



Biii 


•58 

1&6 

7 

■£2a 

1*33 

110 

2-00 

88 

2-40 

74 

2-69 



130 


•61 

174 

1-04 

155 

1-40 

116 

Hi 

92 

2-67 

77 

2‘80 

4 

■786 

12 

225 

•68 

195 

1-17 

17511-68 

130 

2*36 


2‘86 

87 

316 



B 


•91 


1-56 


176 

316 

140 

3-82 

116 

4 22 



m 

KTilulEl^ 

315 

1-89 

280 


210 

3-82 

170 

4-62 





60^ 

380 

1-16 

mm 

11^ 




4-00 

177 

4*83 

147| 

6*36 



EEt 


1*21 

360 

m 

310 


230 

4-18 

185 


155> 

6-64 

3 

1-047 

12 


•91 


1-66 

232 

11 

176 

3-18 

140 

3-82 

116 

4-22 





1-21 

3rfl> 

2-10 

310 


232 

4-22 

185 

6-05 

165 

5-64 





1-46 


2-52 

373 

3 36 

280 

5-10 

225 

6-14 

187 

6-80 





1-52 

440 

2-64 

391 



6-37 

235 

6*42 

196 

7-13 






462 

2-77 

411 


310 

6*64 

248 

6-77 



2 

1*67 

VA 

IM 

1-37 

HIB 

2‘34 

360 

3-id 


4‘73 


6*71 

174 

6-33 





1-82 


3 12 

467 

4-2(M 



280 

7-64 

232 

8‘44 





2-18 


3-78 



420 

7*6« 

348 

9-6C 

280 

10-20 



■ntj 



663 

3-98 

692 


442 


355 

KEiu 





1301 

7961 

2 ■401 

695 

4 17 

619 

6-67I 

462 

8-401 

370 

10-101 

309' 

11-23 
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HORIZONTAL FLOUR MLLS. 

Directions for Fixing and Working tJie Mills. 

Fixing .—Fix the mill in the floor, about 12 feet from the driving shaft, 
letting down the legs of the fiame as far as the Waokline on the frame. The 
frame-top should then be Uned and levelled up so that the line shaft centre will 
be about 16'^ higher than the top of the bottom cross beam of the frame 
for forward drive and then the frame legs should bo fixed rigid in mortar and 
concrete. The top stone runs anti-cloeWise. 

Fitting up .—After the frame is fixed and set firmly in the ground, examine 
the packing gland box and see that the asbestos packing is fit and tight in the 
lower stone and also lubricate it well. Then put the top stone on and tighten 
the cone nut on the top of the spindle. Put the sheet steel cover on and then 
the hopper with feed regulator. Then the mill is ready for working. 

Table giving the H. P. required for different capacities. 


Diameter of 
Stones. 

Power required. 

Spe<jd 

per minute. 

WiU grind 
per hour. 

Price com¬ 
plete with 
Stones. 
Approx. 

Inches. 

1 B. H. P. ! 

1 1 

Revs. 

1 

Lbs. 

Rs. 

15 

' 1 

2*0 1 

.550 

175 

220 

18 

3*5 

500 

225 

230 

20 

4*5 1 

400 

350 1 

245 

24 

0*0 

1 

o 

CO 

450 

330 

30 

1 

i 8 

375 

050 

410 

30 

12 

250 

850 

500 


Modern Roller Flour Mills. 


In modern flour milling, the release of the floury parts from the inside of 
the wheat iS obtained by means of a gradual breaking down of the wheat berry 
in the roller mills reducing the grain a little. The wheat is not crashed up in 
the f olter mills, but is cracked and broken open, and the flour scraped from the 
iiusk or bran. 
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It ia esaeatial, in order to obtain the best results, that the wheat should 
be thoroughly cleaned and efficiently conditioned before going on to the first 
break rolls. 

The Horse power taken by the modern roller flour miU can be estimated 
roughly at. 16 H. P. per sack. 

COTTON MILLS. 

GREAVES COTOON AND CO., LTD. 

Approximate Eetimate for a Fa<^ry of 50 Single BoUer Oine, 

Bs. 

Motive pouxr. —One coupled compound non-condensing steam 
engine with cylinders 13* and 22* diam. X 24* stroke ; 
capable of developing 137 H. P.; fitted with a Rope 
flywheel 9''S' diam. X 18* wide on face 12,960 

One Lancashire steam boiler 24''0* long X 6''6* diam., suitable 

for a working pressure of 169 lbs. per square inch .. 10,620 

One single cylinder single acting Donkey pump capable of 

pumping 670 gallons of water per hour .. .. 825 

Gins. —60 Macarthy’s double action single roller cotton gins with 
self feeder, coupled crank leg straps, bearings, crank- 
sliaft and fitted with fast and loose pullej'S .. 21,000 

Gearing for driving with necessary line shaft, couplings, pedestals 

and W. 1. split pulleys .. .. .. 5,000 

One second motion pulley .. .. .. 660 

Total approximate prict' .. 60,966 


GREAVES COTOON AND CO., LTD. 

Appr<xtcimate EeUmate for a Factory of 40 Single RolUr Giaa. 

Rs. 

Motive pomr. —One coupled compound non-condensing steam 
engine with cylinders 11* and 19* diam. X 20" stroke; 
capable of developing 102 H. P. flywheel grooved for 
8''4" Diam. Rope .. 9,720 

One Lancashire Boiler 24''0* long X 6''6" diam. suitable for 

Working pressure of. 160 lbs. per square inch .. 10,620 

One single cyhnder single acting Donkey pump capable of 

pumping 670 gallons of water per hour .. .. 825 

Gins. —40 double action Macarthy’s single roller cotton gins com¬ 
plete with self feeder, crankshafts, etc. .. .. 16,800 

Gearing for driving with necessary line shaft, couplings, pedestals 

and W. I. split pulley .. . .. 4,000 

One second motion pulley of suitable diam. .. .. 600 

Total approximate price 


8 


42,465 
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(GREAVES COTTON & CO., LTD., ENGINEERS). 
ApproxitnaU eetimaU for a factory of 30 Double Roller Oin$» 


Rs. 


M(awe Power, —One coupled compound Non-condensing Steam 
Engine with cylinder 11^ and 19^ diam. X 20*^ stroke capable 
of developing 102 H. P. Flywheel grooved for 8^‘4^ 
diam. X 14*^ wide on face .. .. .. 9,720 

One Lancashire Boiler 24'-0^ long X 6'6'^ diameter, suitable 
for a working pressure of 160 lbs. per square inch .. 10,620 

One single cylinder single acting Donkey pump capable of pump¬ 
ing 670 gallons per hour htted with flywheel .. .. 826 

30 Double Roller Cotton gins fitted with beater, moving grids 

and two bare roller shafts. ,. .. .. 26,200 

Gearing for Driving above complete .. .. .. 3,000 

One second motion pulley .. .. .. 600 


Total approximate price 


49,865 


Ginning Factory to contain 60 Single Boiler Gins. 

(To be driven by cold starting oil Engine). 

Rs. 

One cold starting 3 cylinder vortical crude oil Engine of 166 Max. 

B. H. P. fitted with flywheel and complete with self-starter, 
foundation bolts exhaust piping, exhaust silencer, fuel oil 
service tanks and other tools and aceos.sories . • 20,940 

50 Double action Macarthy’s Single Roller Cotton Gins complete 
with self-feeder, etc., as before .. .. .. 21,000 

Gearing for driving with necessary line shaft, couplings, etc., as 

before .. .. .. .. .. 5,000 

One second motion pulley .. .. .. .. 660 

Total price approximate .. .. 47,940 

Cotton Baling Press. 

One Hydraulic Half press by Henry Berry & Co., with 3 rams, each 7J* 
diam. cotton box 17^*0*’ deep X 4'*0^ long X 16^ broad, capacity 90 cubic 
feet. 

" One hydraulic finishing Press by Henry Berry & Co., with two rams, each 
21'' diam. X16* stroke, working pressure 3 tons per square inch. 

One excavator. 
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One hydraulic pumping engine having 2 cylinders 13" diam. Rs. 
and 15" stroke,, coupled to 12, l|" x 8 " stroke pumps complete with 
foundation bolts, nuts, plates, washers, tools, and water piping .. 45,780 

One Lancashire boiler 20' long and 6 ' diam. working pressure 

125 lbs. per square inch .. .. .. 7 , 6 ,'>() 

One single cylinder single acting donkey pump capable of 
pumping 400 gals, per hour .. .. .. O 75 

Steam piping between hydrauilc pumping Engine, Boiler and 
Donkey pumps 550 

One No. 64 Cotton Weighing machine platform, 5'*10" X 4'*5", 

capacity 3J cwt. .. .. .. ..1,100 

Approximate Total 55,756 

When it is proposd to drive the factory by Oil Engine, allow at least 34 
B. H. P. per gin. 

Presses. 

The kick -oJT valve should be adjusted according to the quality of the cotton. 
For long staple smooth cotton it is best to knock-off the low pressure pumps 
at one ton per gin. For short staple hard cotton, the low pressure pumps 
should bo knocked off at f ton. per gin. 

Oil Expellers. 

The following should be mentioned when making an enquiry:— 

1. Kind of seed to be treated. 

2 . Capacity per hour. 

.3. Power available. 

4. Short description of local circumstances. 

If Refining Plants are required for oils and fats, please give the following 
particulars :— 

1, Gross quantity of oil to be refined, each 24 hours. 

2. Band of oil or fat to be treated. 

For Extraction Plants it is important to have the following details:— 

1. Kind of seeds or cake. 

2 . Approximate percentage of oil in the seed or cake before extraction, 

3. Quantity of the above material to be treate»l, each 24 hours. 

Table of Oil Expellers. 
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With the modem pressing plant the following extraction with good quality 
seeds, should be obtained :— 

Groundnut .. .. .. . • . • 


Castor 

Copra 

Cotton Seed 
Rape 


• • 

■ • 


• • 
• « 

• « 


43% 

41% 

39% 

34% 


With good oil ghannies about 15 % less than the above figures are ob- 
tained. 

SUGAR ROLLER MILLS. 

From good sugarcane about 8% to 9% sugar can be extracted and from good 
gur about -^8 % sugar can be extracted. 

The diagram below gives a general idea of the process as usually carried 

out. 

Cano 


Baga&Ke 


f” 

Boilers 


[ - 

Fertilizer ash 


“1 
St cam 


Mills 

“I 

Liming 

j 

Healing 

Clarifiers 

® r 
•- 
a ! 




Evaporator 


Scum 

1 

Scum Blowing up 
Filter Press 

I 

_ -A_ 

Fertilizer 
cake 


r 

Water 




Molas.-es 
I Still 

r- 

Potash Recovery Plant 


1 Syrup 

(!) Vacuum pans 

I 

0 Crystallisers 

I 

- O—^Centrifugals 

'I Sugar crystals 
Alcohol 


* I 

0 

Potash Salts 

For diagram of facioiy to turn o .t 5 Ions of sugar per 24 hours, see part II 

page 689. 
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DISINTEGRATORS. 

The principle of disintegrator for lime, ashes, surhhi, etc., is Simple. The 
whole of the grinding being done by four arms or boaters which, revolving at a 
high speed in an enclased chamber, strike the material as it is fed in, reducing 
most of it to powder which instantly passes out through the screens placed in 
the bottom half of the maohine, tliat which is not sufficiently fine being again 
struck by the beaters and further reduced. The current of air created keeps the 
material cool as well os helping it pass out quickly. 


Leading Dimensions of Disintegrators. 


Diameter of Beater 
Chamber 
Revs, per minute 
Approx. B. H. P. 
Diam. of pulley 
Width of Belt 
Size of feed inlet 
hole. 

Prices (Approx.) Rs. 


Bones (dry) 

Brick and tile refuse 
Lime 

Limestone 

Surkhi 


Screens 
used, j 
tinohos. 


Size of Machine. 


No. 

No. 

No. 

0 

00 

H 



h 

i 


r- 0 ^ 

5,000 
4 to 8 

r 

r 

500 
Approx. 


r-5* 

4,000 


8 to 1212 tol 8 , 


I’-lO^i 

3300 


4^ 

3r 

6*X5’ 

650 


4‘'to5' 

4^ 

6 'X 6 ' 


800 


oapaci ties p 


8 

10 

• • 

10 


15 

18 

7 

20 


2 ^ 6 ^ 
2000 
18 to 27 
r to 8 ^^ 
5* 

8 ^X6^* 
1,250 
er hou 

25 
30 
14 
35 


3^-3' 
1700 
27 to 46 
rto 11* 
6 ' 

9}x'7i* 

2,100 

r in owt 

7 
40 
65 
20 
50 


ICE MAKING FACTORY. 


No. 

H 


4'.6^ 

1300 
46 to 76 
12 *'to 15' 

|l2i'Xl0^' 


3,600 


100 

80 

60 

100 


The two commonest systems of refrigeration are the anhydrous Ammonia 
(N H 3 ) and Carbon dioxide (CO^) systems. The N. H 3 system is better owing 
to the comparatively low pressure at which it can be worked in hot climates. 
It has a further advantage in that any leakage is at once detected by the smell 
of the gas. 
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The Co 2 system is generally employed where the machinery has to be placed 
in confined spaces, such as on Board ship. 

The method of driving whether by belt from electric motor, oil or gas Engines 
or a compressor directly coupled to a steam Engine should be decided upon 
first, as the method of driving largely affects the cost of operating the plant. 

Two further factors which affect the imtial cost are;—(1) The thickness,of 
the ice required to be made. 

(2). The usual market demand is for clear or crystal ice, and to obtain this 
it is eitlier necessary to include a distilling plant to purify the water before freez¬ 
ing, or else to employ some form of agitation by compressed air to the water 
in the ice cans, while freezing is in process. 

The quantity of water necessary for cooling the condenser may be approxi¬ 
mately gauged by taking 120 gallons of cooling water per hour for every ton of 
ice manufactured per day.* If the water supply is inadequate the same water 
may be used over and over again by asing some sort of water coolers. 

PricB8 and Partxcul'in. 


Ice making Plant capa¬ 
city per day 24 Jiours. 

I5cwt. 

1 

l^toh. 

3 tons. 

1 

0 tons.j 

1 

i 

1 

lOtons. 

f 

Ifitons.j 20 tons. 

1 

1 

Thickness of Ico made .. 

4* 

6^ 

6 " 

1 

6- 1 

9' 

9' 

9" 

Weight of each Block Iba. 

56 

112 

112 

112 ' 

226 

226 

22.5 

B. H. P. 

4 

9 

16 

27 , 


75 ! 


Prices for Bolt driven 
plant. Approx. R«. 

5,000 

10,000 

1 

116,000 

■ 



Prices for Steam driven 
plant exclusive of Boiler, 
Rs. 

• • 

• • 

j 

• • 

1 1 

30,000 




For particular of design, see Part II, page (686) which gives an arrangement 
of small ice factory driven by oil Engine. 


Small Handworked Ice Machine. 

It can prepare 2 lbs. of Ice Oream or Raw Ice in 5 minutes and costs about 
quarter of an anna. The sole mediam used is sulphuric acid 66° Beaume. Ice 
is produced by chemical action following the absorption of steam. By the 
turning of a small wheel, the two oontainers are set in motion, and at the 
Mme time the air surroun^ng the substance to be frozen is withdrawn by means 
of a vacuum pipe. The resulting chemical process freezes the water when 
power is available the machine c«i.n be geared to it, or can be worked if desired 
py a small electric or oil motor. The price is approximately Ks. .SOO. 
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SODA WATER MACHINERY. 

The output of ar&y machine is chiefly regulated by the size of the pumps, 
and no maoMno can produce more than the pump can siippl}^ whatever may 
be the arrangements of condenser, etc. 

Approximate Product per working day of 10 hours of full sized bottles at 
temperature in factory of 50® to 60® Fahr. 


Diam. of pump. 

W'orking by 
hand. 

Working by 
power. 

Syrups, drinks 
in patent 
bottles, Work¬ 
ed by power. 

Inches. 

Doz. 

Doz. 

Doz. 

Single pnmp IJ 

100 

150 

200 

»» „ if 

150 

200 

300 

»» >» 1 1 

250 

320 

600 

o 

»> »» " 

32() 

500 

750 

,, ,, .>2 • • 

« • 

750 

1,350 

Double pumps 2 

600 

1,000 

1,800 

»» ft 

• • 

1,500 

2,.500 

>» »» 3 

• « 

2,500 

4,000 

ft »» 

• • 

3,200 

5,000 


Keep the factory cool. A canvas covering over the gas-holder, kept damp 
while Working, may be found useful. 

Prices and ParticvlarK 

Price (Approx.), 

Plant of machinery to produce the following per day— Rs, 

80—100 dozens .. .. .. .. 1,300 

150 doz. by hand or 200 dof. by power .. .. 1,750 

200 doz. by hand or 300 doz. by power, 10 oz. bottles .. 1,600 

300 doz. by hand or 400 doz. by power, 10 oz. bottles .. 1,860 

320 doz. by hand or 460 doz. by power, 10 oz. bottles .. 2,860 

560 doz. .. .. .. .. 3,000 

700 doz, .. .. .. .. 3,800 

1,000 doz. .. .. .. .. 4,200 

WOOD WORKING MACHINBRY. 

The following list, which gives the various sizes of motors, allows for the 
motors being capable of giving 25 % over load for not less than Ij^ hour, 
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without any undue heating. The figures are based upon the average work per* 
formed in the Workshops. 



Machines type and size. 

Power of 
motor re¬ 
quired for 

Remarks. 


average works 

■ 



H. P. 


24' 

and 30' Horizontal Log frame saw 
one blade in rise 

10 

Motor belted to 




Machine. 

36' 

ditto 

12 

ditta 

42' 

ditto 

16 

ditto. 

48' 

ditto 

18 to 20 

ditto. 

24' 

ou'cular saw bench (hand feed). 

10 

ditto. 

30' 

ditto 

12 

ditto. 

36' 

ditto 

16 

ditto. 

42' 

ditto 

20 

ditto. 

16' 

double dimension saw (hand feed) .. 

5 

ditto. 

18' 

diam. cross cut machine 

3 

ditto. 

24' 

ditto 

5 

ditto. 

30' 

ditto 

7 

ditto. 

20' 

combined surfacing and Ihicknessing 
machine 

8 

For ordinary seasoned 




timber surfacing is 

24' 

ditto 

_ 1 

10 

hand feed. Thick* 
nessing is power 
feed. 


The above powers assume that the ontters or saws are running at about 
standard speeds. The power absorbed per square feet surface sawn per minute 
varies very much in some instances and it is impossible to get anything like 
the aoo.urate figures. 


The following list gives the various speeds, etc., of certain machines. 
18^ Circular saw .. 1,800 Revs, per minute. 

22' „ „ .. 1.700 

26' i;600 

32' 1,250 


36 ' 

42' 


1,000 
900 


Hand feed bench planning machine which will plane 8' width 1,000 
revolutions per minute. 

Rand and Roller feed surface planning, thicknessing and moulding machine. 
16'X 9' @ 800 Revs, per minute. 

"20'X 9' @ 800 Revs, per minute. 

24'xO' @ 800 Revs, p^ mjmnte. 

Vertical Spindle moulding . nd shaping machine 1000 Revs, per minute. 
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STEAM ROAD ROLLERS. 

For roads metalled with kankar or soft metal or for district roads where 
soling is often absent or lightly provided, a light 6 ton roller will serve the 
purpose. 

For hard metal 10 to 15 ton roUer should be used. 

The weight of the roller in working is from 20 to 40 per cent, above 
its normal weight. 

Goal is more suitable as a fuel than wood. If wood fuel is used, the 
fire>box and fire-bars should be especially adopted for this purpose, and the 
point should be brought to the notice when ordering a roller. 

In a working day of 10 hours, 7 maunda of good coal will be required 
for a 10 ton compound roller or about 15 to 20 maunds of wood fuel. A 
Single cylinder roller will use 20 to 30 per cent more. 

Compound rollers cost more than single cylinder rollers, but are con> 
siderably more economical in fuel and water consumption. 

A 10 ton compound roller will require about 300 gallons of water daily 
and a single cylinder about 20 to 30 per cent. more. 

Siline water should be avoided. Boilers should be worked at full pressure. 
The pressure gauge should be tested periodically. 

A roller should not be reversed without shutting off steam. It is 
dangerous to reverse a roller under steam if it is travelling. 

The following stores are needed for a 10 ton compound roller working 
10 hours a day 

1. Good coal 7 maunds or 15 to 20 maunds of wood. 

2. Wood fuel for lighting 1 to 2 maunds a week. 

3. Cylinder oil 2 pints a day. 

4. Heavy engine oil 3 pints a day. 

5. Cotton waste, f lb. a day. 

6. Grease i lb. a day. 

7. Kerosine oil, one bottle a week. 

8. White or red lead, one lb. of white and ^ lb. of red monthly for 
joint making. 

9. Fine copper wire and worsted 2 or 3 lbs. of each annually for oil 
cup syphons. 

10. Astestos millboard 4" X 4' X tV'* one sheet annually for mud hole 
and manhole joints, etc. 

A 10 ton roller will consolidate about 600 cubic feet of metal in a day. 

The following dimension of a 10 and 16 ton roller may be found useful 
in desig ning bridges. __ 


Farticulars. 

XU ton roller. 

' 16 ton rollers. 

Diameter of front wheel • • 

3' 9- 

3' r 

„ „ Hind wheel 

6' 3* 

6' 8' 

Width of front wheel 

4' 0" 

4' 3' 

„ of hind wheel 

1' 2* 

1' 8' 

Load on front wheel 

5 tons 

6 tons 

„ „ each hind wheel 

4 tons 

6*5 tons 

Distance between hind wheels centre to 
centre • • 

5' 4" 

6' 4' 

Distance between front and hind axles .. 

9' 8" 

12' 0' 
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MAN AND ANIMAL POWER. 

Useful work of men infeetlba. ptr minute. 


Working for. 

8 hours 
per day. 

6 hours 
per day. 

Raising own body 

4,250 


Work treadmill 

3,900 


Drawing or pushing horizontally 

3,120 


. vertically 

2,.380 


Turning handle 

2,6(K) 


In Rowing 

4,000 


Raising material with pulley .. 

1 

1,660 

,, ,, hands .. 

• • 1 

1,470 

Carrying material on back returning empty .. j 

t 

* • 1 

1 

1,126 


Comparison of Animal Power. 

A horse travelling at the rate of 2 miles per hour can exert a continuous 


pull of 120 Ills. 


5,280 x2 X 120 
W) 


= 21,120 ft. lbs. per minute (working 8 hours 


a day). 

Horse say .. 21,000 ft. lbs. per minute. 

Ox ‘ . ■ 12,000 ft. lbs. 

Mule .. 10,000 ft. Ihs. 

A.ss . • 3,600 ft. lb.s. 

Man .. 2,000 ft. lbs. 

Engine H. P. .. 33,000 ft. lbs. 

Centrifugal Pumps. 

Th(s centrifugal l)urnp is essentially an inward flow turbine reversed, the 
power being applied to rotate the runner and the water being admitted at centre 
and discharged at th(5 outer periphery, 
fjet H = head of water in ft. 

Q = quantity of water lifted c. ft. per minute. 

S = speed of periphery in ft. per .second. 

D = diam, of fan in ft. = . .(17nwin) 

C = a co^eient varying from *12 to' * 18 . 

S = Sy'H in small fans. 

Except under .special cases the suction lift should not -0 f . Tlie 

best results are obtained by keeping the suction lift below 12 ft. l e that all 
suction pipe joints are tight and that the foot valve does not leak, ihe pump 
shouljll be primed before starting. 


In centrifugal pumps discliarge in cusees 
Where d = diameter of pii 3 in indies. 


d2 

18 
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PUMPS. 

1^- 

Suction Limits .—Theoretically a pump will lift water about 34 ft. at freez¬ 
ing point but the amount, decreases rapidly with rise in temperature until at 
boiling point no suction lift is possible. Under average Indian conditions, the 
maximum theoretical suction lift is about 30 ft. In practice, even with moder¬ 
ately cold water 25 to 26 ft. is considered the limit, but from the point of view of 
efficiency, it is preferable to reduce this as much as possible. 

In the case ol centrifugal and other high speed pumps, the best results are 
obtained with a suction lift of 15 ft. or less. 

Apfboximate quantities oe Water delivered per hour by single acting 

POMPS. 


Worked at 30 strokes per minute. 


Bore of Working barbels 

^ ‘ 1 

(M j 

to 

• ^ 

1 

• ^ 

w 

c 

Hu* 1 
cc j 

t 

S 

! 

1 

:4 |i ns. 

i 

j 

5 ins. 

6 ins. 

Galls, delivered by Pumps 
4in. stroke 

1 

80 100 

125 

180 

34j 

320 

405 

1 

500 

720 

Do. do. do. 6 in. do. 

120, 150 

185 

270 

365 

480 

i 

605 

760 

1,080 

Do. do. do. 8 in. do. 

160' 200 

j 

250 

360 

4901 

640 

i 

810 



Do. do. do. JO in. do. 

200! 250 

1 

315 

450 

610 i 

8f)o; 


RH 

1,800 

Do. do. do. 12 in. do. 

240' 300 

375 

540 

735! 

i 

■ 

1,215 

H 

2,160 


For single acting Pumps, driven at a speed of .30 feet per minute, the diameter 
is equal to the square root of the number of gallons required per minute.—^Exam¬ 
ple required to know the diameter of pump to deliver 36 gallons per minute. The 
square root of 36 is C, which is the required diameter of pump. 

If pump bo worked at 40 strokes per minute, the quantity delivered will be 
of course ono-third more than that given in tho table ; if at twenty strokes only, 
one-tlurd less water will be delivered and so on. 

For double acting pumps, the quantities of water delivered, will be precisely 
double those given for single acting pump if worked, at the same .speeci and the 
same length of stroke. 
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Table giving the loss of head due to friction for every 100 ft. length of pipe. 


Diameter of Pipe in inches. 


OQ 3 
Id M 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

14 

16 

O £, 













5 

•108 i 









1 



10 

•433 

•061 




1 







15 

•975 

•116 




i 

i 







20 

1-73 

•206 

•046 



i 







30 

3-89 

•463 

•103 

•032 


t 

1 







40 

6*92 

•824 

•183 

•066 









60 

10-8 

1-28 ^ 

*288 


•034 

I 

1 ' 


1 

1 

I 

1 

1 

j 


t 

60 

16-6 

1*86 

•410 

j -127 

•049 

1 


1 

1 

1 




70 1 

1 

21-1 

2-52 

; -560 

1 

1 -173 

•069 

•030 


i 

1 

1 



1 

80 

27-6 

3*30 

; -732 

•227 


1 -039 







00 1 

36*0 

4-11 

; -927 

i -286 

•109 


•024 



1 



100 

43-3 

6-16 

i 1-14 

i -356 

1 

•136 


•0.30 






120 

62*2 

7-22 

1-66 


•195 

•088 

•043 

•023 


1 



140 j 

84-5 

10-1 

: 2-27 

! *700 

•288 

•1J9 

-055 

•032, 





160 I 

• • 

13*2 

2-94 

1 -912 

i 

•347 

: •166 

1 


•042 

•024 




180 

• t 

16-8 

1 3*69 

1*15 

•443 

•197 

•097 

•064 

•033 


i 

I 


200 ! 

• • 

20-6 

1 4-67 

1*42 

•546 

1 -244 

•121 

•06.6 

•037 




250 ! 

1 

• t 

32*4 

1 

7*20 

2-23 

•866 

! 

! -381 

■188 

•101 

•058 

•022 



300 i 

» « 

46-3 1 

1 10-3 

3*20 

1-22 

•548 

•271 

•146 

•084 

•032 

1 


360 1 

• « 

63*3 i 

14-0 

4-36 

1-66 

•747 

•36s 

•198 

•116 

■044 

i 


400 j 

• • 

82-4 ; 

1 

18-3 

5-67 

2-18 

•976 

•473 



•057 

•027 


450 

i 

1 

\ « • 

i 

• ft 

23*1 

7-17 

2-77 

1-23 

•611 

•328 

•189 

•073 

•036 


500 

• • 

« ft 

28-8 

8-86 

3-41 

1-62 

•766 

•406 

•233 


•043 

•020 

600 

• • 

• ft 

41-0 

12*7 

4-91 

2-14 

1.08 

•684 

'336 

•129 

•063 


700 

ft • 

ft • 

58-0 

17-3 

6-90 

3.00 

1*47 

•797 

•468 

•176 

•086 

•039 

800 


ft ft 

73*2 

22-7 


3‘01 

1*93 

1-04 


•231 

! -112 


900 

ft ft 

ft A 

92-7 

28-6 


4-96 

2-44 

1-31 

•767 

•292 



1000 

• • 

ft ft 

ft ft 

35-6 

13*6" 

O’lO 

3 01 

1-62 

•039 

♦360 

•173 

H 
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HAND PUMPS. 


It should be borne in mind that the force, necessary to work a pump, 
inoreoses in proportion to the quantity of water lifted hour and also in 
proportion to the total height through which the water is lifted. 

The following figures will serve as a practical pide :— 

One man can pump— 

3,000 gallons per hour on a lift of 3 feet. 1900 gallons per hour on a lift of 10 ft. 

1,800 „ „ f, », ,, „ „ o ,, 1600 ,, „ ,, ,, ,, „ ,, 15 ,, 

1,300 ,, ,, ,, »» „ 7 », |4-50 „ ,, ,, ,, ,, ,, 20 ,, 

It will be noted that the quantity of water gets less as the height it is raised 

inoajeases. For any particular lift the quantity of water which can be raised 
hand power can bo estimated thus:— 

9,000 XN 

H 


where H is the total height the water is raised in feet and N the number of men 
who will work the pump together. 

Suction Lift .—It is always advisable to arrange for as sliort a suction lift as 
possible. The maximum practicable suction lifts may be taken as 25 feet but 
for ordinary pumps 20 feet and for some types 15 feet should be taken as the 
limit. It should be understood that the suction lift should always be included in 
the total height the water is raised. 

_ Hand Rotary Force Pump for Domeslie use. _ 


No. 

Capacity 
per minute 

50 

Revolutions. 

1 

Diameter of 
Suction. 

Diameter 

of 

Discharge.. 

Lift and 
Force. 

! Approx. 
Price. 

Foot Val¬ 
ves. Each. 


Galls. 

Ins. 

Ins. 

Feet. 

1 Rs. 

! Rs. 

2 

6 

H 

1 

30 

115 

' 7 

3 

8 

H 

U 

18 1 

126 

8 

4 

13 

n 

H 

11 1 

225 

8 

5 

1 

18 

2 

2 

8 

260 

9 


This tj^ of pump should not be more than 15 feet above level of water to 
be pumped—^preferably less. 

House Force Pump. 


Tliis is well suited for tube wells. May be used for raising water from .50 
to 75 ft. height. 


Size No. 

Cylinder. 

.. 1 

Suctibn 

Diameter. 

No. ot 
Strokes per 
Gallon of 
Water. 

Price. 

Approx. 

Foot Valves 
Each. 



Ins. 


Rs. 

^ Rs. 

2 


1* 

10 

52 

7 

4 


U 

8 

65 

7 

6 


H 

4 

95 

8 

8 

■HKH 

2 

3 

105 

9 











564 


THE AIR UFT SYSTEM. 

Theory of the Air Lift :— 

The theory ol the air lift and the reason lor submergence are that by mixing 
the water with air in the discharge, the water is made lighter, so that the pressure 
of the column of air and water in the bottom of eduction pipe is less per sq. inch 
than that of the solid water outside, in the well, so that an upward flow is thus 
created. 

1. Static Head ’.—Normal water level 
when not pumping. Distance “B” to “C.” 

2. Drop —The distance the water 
recedes when punjping at the desire rate. 
Distance “C” to D’’. 

3. Lift .—Consists of the Static head 
plus the drop, plus the elevation. Distance 
“A” to “D”. 

4. Eltvation .—The distance above the 
ground smface, at the well to which it Ls 
necessary to deliver the water. Distance 
“A” to‘“B”. 

5. Submergence .—Distance below the 
pumping head at which the air picks up the 
water The percentage of submergence 
means the percentage of the total vertical 
air lift column, distance “A” to “E” which 
is submerged in the solid liquid colunm in 
the well, when pumping, distance D to E. 
(Starting submergence, distance “C” to “E”, 
and Working submergence distance “D” to 

“E”. 

Starting Pressure = Starting submergence X *434 lbs. 
working pressure = (working submergence X *434) + Friction in air pipe line. 
Advantages of the Air Lift .— 

(o) The whole of the machinery is situated in one convenient central 
station thus allowing a ready constant access to an Engineer, 
assuring continuous and satisfactory performance. 

{b) The plant is not aflected by constant shut downs. 

(c) More w'ater will be obtained from any given well with air lift than 

can be pumped by any other means. 

(d) By periodical back blowing, the strainer is kept clean, the sand is 

washed out thereby increasing the yield of welL Back blowing 
is effected by closing the ^charge pipe and increasing the 
, compressive pressure whereby the air blows through the holes of 

* the strainer, to effect back blowing the top of the tube must 

be air tight. 

(e) A change in pumping level has little effect on eflSoiency. 

. (f) Character of water is improved as to purity and solubility, due to 

ttraUoiit 


Ordinary Air Lift terms :— 




d 

< 



— 

^ C 

1 



f 




1 

\ ^ 

1 
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The correob strainer for wells of this class, is a perforated screen with 
openings of a suitable size to admit the fine material into the well, from wliich it 
can be pumped, and to hold back the coarser particles, so as to form a natural 
gravel filter bed outside of the original strainers. 

















































Any number of welis may be pumped from one oontral station. One air 
compressor may handle a number of wells. 

Equipmint Jieguired :— 

(1) Air compressor; (2) Air Beceiver. 

^3} Pipe lines ; (4) Pump or foot-piece made of Bronze. 

(5) Head piece ; (6) Well cap (A casting closing the top of the well, 

forming a support for the piping and back 
blowing to ktep the strainer clear.) 

Eatio of lift to submergence :— 

For lift up to 60 ft. .. 70 to 66% submergence. 

50 to 100 ft. ..66 to 66% 

100 to 200 ft. ..65 to 50% 

200 to 300 ft. . .50 to 43% 

300 to400 ft. ..43 to40% 

400 to 600 ft. and onward . .40 to 33% 

Tlie following should be observed when making an accurate estimate for an 
air lift Installation ;— 

1. Number of wells. Say whether one or more wells are to be installed. 

2. Accurate depth in feet should be stated. 

3. Mention the depth to which the well is cased and say whether it is air¬ 

tight. 

4. Mention the diameter of well in inches and character of casing. 

6. Reduction. Say how much and at what point a well is reduced. 

6. Mention the character of strata and the depth to water strata. 

7. Kind of strainer used. 

8. Static head. 

9. Oallons of water to be pumped per minute. 

10. Show by sketch the actual distance of pipes. Complete information 

'< is important. 

Air Lift Table, 


* 



0. log. 


H +34 
34 


Where V volume of free air required to raise one gallon of water per 
minute. 

L *=* Total lift in ft. 

H » Running submergence in ft. 

C e* Constant. 


Table op oonstaets. 



33% 

ISO 
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VALUATION OF BUILDINGlS. 

To find years purchase allowing for redemption of capital at a different, 
jate of interest. 

Let X=required years purcliase. 
t=future life of property. 

Y = Annual premium for sinking fund to produce £I at the end of t years, 
lasintorest allowed per years purchase. 
r=interest allowed per years redemption of capital. 

.*.£1 of nett income must allow for— 

(0 Interest for 1 year on x at 1 per cent. 

(ii) Y for x—xy 

(Hi) Interest on xy for 1 year at r per cent, as 
y has to be invested at beginning of first year. 

7 r 

1 = UTO* + 

= * {i66 U + ik)} 

. - 1 _ 

lUO ^ ^ ^ lou) 

Example i = 15 years 

/ = 6 % 

r = H % 

Y (for 75 years) see table III (Hurst, 15th edition). Pocket Book page 4.‘12 
The annual or sinking fund that with a compound interest will amount to £1 at 
the end of a term of 75 years .•,Y = ’(X)29 
Then from formulae above. 

_ _L _ _ 

* “ •06 + *1)029 '(r035) 

_ 1 

” -06 + *003 

_ 1 
1*063. 

= 15*9 

The above value of Y can be found by the following formula in case the 
tables are not available. 

S = ^ where n = number of years 

Jin j 5 = (l+r)or£l increased by interest for 

a year. 

I 
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5 = an annual sinking fund which will amount to £1 in any 
number of years at compound interest. 

r = rate of interest on £1 for one year. 

Example of valuation of Buildings. 

Book or estimated value of building .. 

Ago of Building 1895—1920 
Future life 100—25 
Gross annual rent at Rs. 100 Xl2 
Deduct — 

Rates and taxes :—House tax 
Vacancies ^ month p. a. 

Repairs at 2^ on of 11,000 
Insmance 


. .Rs. 11,000 
. .years 25 
.. years 75 
..Rs. 1,2<J0 
Rs. a. p. 
.. 3;j 9 7 

.. 50 0 0 

.. 247 8 0 

nil 


.331 1 7 say 331/' 

Net income .. 869 0 0 

Years purchase for 75 years at C per cent, allowing for redemption of capital 
at 31 per cent. --15-9 

Value of property—869X15•9=Rs. 13,817 0 0 

Deduct value of repairs immediately necessary 1,620 0 0 


Total .. 12,197 0 (• 


SCAFFOLDING KNOTS. 

Fig. I sheep-shank, foi shortening a rope when the ends are inaccessible. 

h’ig. 2 Half hitch. 

Fig. 3 square or reef knot used for joining two ropes of same size. It is 
easily upset and undone. 

Fig. 4 overhand or thumb knot, used to prevent a rope iiinning through the 
sheave of a block. 

Fig 5, Oirrick Bend, for fastening the four guys to a derrick. 

Fig. 6 double Bowline. Fig. 7 clove hitch. 

This is most useful of all the knots used in scaffoldings. Fig. 8, Running 
knot. Fig. 9, Draw knot, Fig. 10, same as Fig. 3, Fig. 11, Single Bowline 
knot, for making a loop that will not slip. Fig. 12, Timber hitch, the greater the 
strain the greater it will hold. 

Figs. 13 and 14 same as Fig. 7, i.e. Clove hitch. 

Fig. 16, Men’s harness. Fig. 16, Running Bowline and Figs. 19 and 20 
Cat’s paw, an endless loop, used when groat power is required. 

Figs. 22 and 23, common sheet bend, it is the same as reef knot, but better 

one. 

Fig. 24, outside cleneh. Fig. 25, inside clench. Fig. 26, cat’s paw Figs. 27 and 
29 woolding or packing still hitch. Fig. 28, stopper hitch. 

Fig. 30, Hawser bond. - 
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TABLE OF USEFUL MEMORANDA, AFFECTING THE PLANNING 

OF BUILDINGS. 

Extract from Hursts, etc.. Marks and Spcms. 


Altar 


Accommodation. 


Dimensions. 


3'-0" to DM)'' long X 2'.0 
to wide. 


ff 


Art scholar (drawing class¬ 
room 

Ball Room 

Bath, Plunge (unclosed) 

Bath Plunge (water-supply) .. 
BAth Shower (water-supply).. 
Baths (Boarding School) 
Baths Swimming 


30 'super 

IC'-O" super (rain.) 
Max. (>'-:r X 2-'8" ' 

over all. 

40 to 50 gallons. 

3 to 6 gallons. 

8 per cent, of boaderaj 




100'X35' and G' to 7'deep 
at deep end and 3' 0^ at 
shallow end. Copper rail 
all round 1diam. 


Bod in Hospital ward 
Bed in Hospital (spacing 
along wall between bods). 
Bed in Hospital ward (space 
across centre gangway be¬ 
tween beds). 

Bed in House, Double 
Bed in House, Single 


6.';rx3'-4''. 
8 '- 8 " 


10'-6" (min.) 
6'.G''x4'-6'' (Min.) 
5'.6''x2'-6^ to 6'-6"' X 
2'-3'' 


Bed in (Infant’s cot.) 


4'x2'to4'-6''x2'-6'' 


Bed room (Dormitory) 
Bod room (schools) 


Bed room (Hotel) 

Benet,Cabinet making (schools) 
Benet, carpenters 
Bicycle House 
Billiard Table 
Billiard Room 


3G0' cube per head 
G5 sq. ft. or 800 
c. ft. per head. 


12'X8' 

6'X2' 

3'-4^Xl'-4^to r-0''X2'S* 
6'-3''x2'.0'’(min.) 
12'-0'x6'-0^ to 6'X3' 
24'X18' (if lounges 
required extra space 
should be provided). 
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Extract from Hurds, etc., Marks, and continued. 



Acoommrnodation. 

Dimensions. 

Bowling, green 

• • 

120'X120' 

Boiler (Cornish or Lancashire) 

• • 

12' long X4'dia. to 30' long 
and 7' diam. 

CnitU sheds — 



IShoep or pig 

10 sq. ft. 


(Cornish and Lancashire 

40 to tK) sq. ft. 


buUock) 


Cell, Prison Association 


14'xl4' 

Coll, Solitary 


i:i'X7'and 6t)0 to 800 

9 


c. ft. 

Corridor (Schools) 

.. 

8' to 12' wide. 

Counter 


2'-()" to 4' wide. 

Cow house, dunging passage .. 


4'-0" wide. 

Cow house stall, double 

1 

I'xT 

Cow hou.se, single 


4'-t)" XO' to 7'. 

Cow' shod per boa.st 

40 to Oh sq. ft. 


Coach houses 


18' deep XlO' high, door 8, 
wide. 

Cubicle for nur.se 


13'X8'-6" 

Cubicle for school 


8'X8' 

Dining Hall per scholar 

10 sq. ft. 


Dining 'Pablo per diner 

2' width (min.) 


Dining 'Pablo (social) 


o'x3'-:r to 12'x4'-0" 
and more. 

Dressing box (swerving) 


yxr to 4'-G"X4'-0’ 

Dressing Table (area of top) .. 


2'-0"xr.6"to4'-G"X2' 


En'^hio, HlIo«!t7ic ligliting 
(IxmI pliilo size). 

Engine and Dynamo 
Engine (gas or oil) 

Engine house, Eire Brigade . 
Hospital ward, per patient 

■Hospital ward (water-supply). 
Ice (storage room per cwt.) . 
Inclined planes 
‘(Max. gradient in London 
theatre) 

Kitchen table 
Laboratory 


1,800 to 2,(X)0 c. ft. 

144' to lot)' sq. ft. 
27 gallons per day. 
6'-0 cube. 

1 in 10 


,i4'xl'-0"toG'-8"x2' 

.':.>'-ti"X2'-3" to 2o'X0'-a^ 

.l4'-6"x2'.7"tol4'-;r'Xl3'-G'' 

.':40'x2s'-;r 


10 sq. ft. per scholar. 


..l4'.6"x:}'-0'^ 
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Extrad from Bursts, etc., Marks, arid Spans —cuntinued. 



Accommodution. 


Lavatory Basins (circular) 
Lavatory Basins (oval) 

Lecture room (Schools) 

Library (Magazine room per • 
head). 

Library News room per head . 
Library Book case in house . 
Library Table in Magazine 
room. 

Library Table Nows room 
Lift Cage for — 

Books 

Carriag(‘ and Motor Cars 

Cellar 

Coal 

Dinner, etc. 

Hosjutal patient on bed 

Luggage 

Passenger 

Wan house 

Motor Carriage House 
Poultry House and Room 
(fur 12 fowls). 

Poultry House and Room (for 
5'> fowls) 

Range, cottage 
ILange, Hotel 
Range, Kitchen 

Scalimj accommodation — 
Church (free sitting) 

Chureli (free child) 

.Stains churclie.s, lecture room 
not exceeding 200 men 
2(ld to 4tK» 
per UlO additional 
Max. 

Stores gas cooking 
Stores grilling 


Dimensions. 


Itr to I'-IO^ diara. 

r-2"Xl2^to2'-3''xr-9' 


14 sq. ft. for .scholar 
(min.) 

2'xr-3'' 


2'-6"Xl' 


I 4'-0"xl0^ 

2' wide (min.) 

2''-6'^*wido (mill.) 

1 9^X9" to I'xr 

I l(r-0"x8'-0' 

i 2^G'"X2'-0^ (min.) 

, 2'X2' 

1'X10^ (mm.). 
7'-t>''X4'-G" 
i 2'-trx2'.G^ 

’ 2'-G^x:i'-0^ 

, 2'X1'-G"' to 9'X5' 
from 22'’ X12' upward. 

’ 4'X4' 

8'X6' 

2' to 3'-2' wide. 

G' to 15' wide. 
iC-G'' to 7' wide X 1 8'’ to 
1'-Id" deep. 


r-8"x2'-3" deep per ; 
head. ! 

I'.2''x2'':i" deep | 


y'-t” wide. 

4'-G'' 

a" incieaso in width. 

I 9' wide. 

I r-2"xr-3''to2'-3''x2'-4' 
i 2' to 4' wide by 2' deep. 






246 


Extract from Hursts, etc., Marks and Spans —coucld. 


Stores ordinary 
Table Restaurant 
(circular top). 

Table Restaurant straight 
Tanks, hot water (cylindrical) 
Urinal accommodation (school) 
Urinal Compartments 
Water closet (Boarding School) 
Water closet seat 
Workshop per scholar in 
schools. 

Tennis Court Lawn 

Single 

Double 


Croquet Lawn 
Coal Store 


Accommodation. 


Dimensions. 


r-3'x r.3^tc 3'-2^X4'-3* 

r-8' to2'-4'dia. 


10 ft. per 100 boys. 

4 per 30 scholars. 
3^-6'' wide. 

35 sq. ft. 


rx]'-6" to 7'X4' 
U-3''diam. x2'-6' high 
to l'-8' diam. x 4' high. 
l'-8'Xll'' to2'xr-4'' 


» t 

allow 12' each end 
and 6 ft. each side. 


78'X27' 

78'X36' 


105'X84' 

For every ton of coal 
allow 45 c. ft. 
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BEAMS AND TRUSSES. 





248 

Table, of JScantlings of Teak, Sal or Keekar, Karees or Burgas placed S)" apart 

centre to centre. 


L =Span. 


Distribuiod load in lbs., per square foot. 


Span L. 

1 80 lb. 

|_ 100 lb. 

120 

lb. 

1 150 lb. 

1 200 lb. 



d 

b 

d 

b 

d 

b 

d 

1 ' 

1 ^ 

Ft. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

2 

U i 

1 ^ 

H ' 

2 

H 

2 

11 


11 

2 




H 1 

2 

4 

2 

11 

21 1 

11 

21 

3 


2 

n 

2i 

4 

21 

If 

21 

If 

2f 


H \ 

i 2i 

If 


if 

21 

If 

2f 

•> 1 
w 

(> 

<) 

4 

If i 


If ' 

2f 

If 

2f 

o 

3 

21 

31 


If 

n 

2 i 

3 

2 

3 

21 I 

31 

21 

' 34 


2 1 

3 

, 

31 

•> 1 
-'JT 

31 

I 31 

31 

2A 

3| 



! :{4 

2f 1 

34 

21 

31 

21 

3f 

2i- 

4 

6 

! 

! n 

, 

n 

24 

3| 

•> 1 
-2 

4 

2f 

41 

6i 

24 

t •'^f 

2-J 1 

4 

21 

4 

2i 

41 

3 

41 

7 

2A 

4 

2^ 1 

4 

21 

41 

3 

4A 

3 

4f 

u 

24 

4 

2f 

41 

3 

4| 

.3 

H 

31 


8 

n 

4i 

3 ; 

4^ 

3 

H 

31 

5 

3l 

.31- 

’•'i 

H 

i 

«> 1 

4 \ 

t) 

4f 

*1' 

•'4 


31 

51 

31 

54 

9 

3 i 

H 

H i 

5 

34 

^>1 

31 

51 

3| 1 

51 


3 i 

H 

H i 


31 

51 

3i 

51 

3f 

« 

10 

-1 

n 


rA 

•1 ^ 

r>li 

3| 

0 

4 

04 


Placed V apart centre to centre. 


w 

11 

•> 

n 

j 2 

U 



2 

14 

2 

21 

u 

•> 

H 

! 3 

14 

21 

11 

21 

U 

21 

3 

14 

21 

If 

21 

If 

21 

If 

2f 

If 

2i 

31 

If 

O 1 

2 

1.1 

21 

If 

2f 

o 

3 

21 

31 

4 

If 

•> j 

O 

mi 

3 

-> 

w 

3 

21 

31 

21 

34 

41 

‘> 

w 

3 

21 

31 

21 

31 

21 

31 

24 

31 

6 

21 

31 

21 

31 

21 


21 

31 

21 

4 

51 

21 

31 

21 

3| 

2l 

3f 

21 

4 

2f 

41 

C 

21 

3f 

21 

4 

wa 

4 

2f 

41 

2f 

4| 

61 

24 

4 

2f 

41 

•> 3 

"i 

4.1 

3 

41 

31 

.1 

7 

2| 

41 

2f 

41 

3 

41 

3 

4f 

31 

51 

71 

3 

41 

3 

4f 

3 

41 

31 

5 

31 

51 

8 

3 

41 

3 

4f 

31 

5 

31 

51 

3f 

5f 

81 

3 

4f 

31 

6 

31 

51 

31 

51 

3f 

6. 

9 

31 

5 

31 

51 

•31 

51 

3f 

5f 

4 

61 

91 

31 

51 

31 

54 

3f 

5f 

3f 

6 

41 

61 

10 

31 

51 

3f 

5f 

3f 

6 

4 

61 

41 

6f 
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Table of bca^itlings of Teak^ Sal or Keekar, Karees or Burghas placed 18'\ apart 
^ __ ^ from centre to centre. 

fc. rs as-rrai^. 


LasSpan. 


Span L. 

80 lb. 

Distributed load in lb., pe 

r lOu 'lb. ' V ll’O'nr' '] 

r square foot. 

1' 'l50' lb. 

|‘ '2o0'lb.' 

b 

! d 1 
1 

b 

d 

1 ‘ 

d 

b 

d 

b 

d 

Ft. 

Ins. 

' Ins. 

Ins. 

Ins. i 

Ins. 

Ins. 

Jns. 

Ins. 

Ins. 

Ins. 

O 

w 

n 

' 2 

11 

Arf 1 

u 

2 

u 

21 

H 

21 


H 

' 21 

11 

21 1 

15 

21 

H 

21 

15 

25 

3 

n 

21 

15 

25 

15 

25 

2 

3 

*) 

3 

3 1 

u 

, 21 

3 

3 


3 

21 

31 

21 

31 

4 

O 

' 3 

21 

31 

21 

; 34 

21 

• 31 

21 

35 



31 

21 

31 

21 

' 35 

21 

35 

25 i 

41 


•) 1 

31 

2i , 

35 

21 

: 4 

25 

41 

3 

1 41 


•>l 

w •> 

31 

21 

4 

‘)-.i 
- 1 

41 

:t 

4i 

3 

45 

n 

•) r 

w o 

4 

25 

41 

3 

' 4i 

3 

45 

31 

61 

‘U 

-! 

, 41 

3 

4.t 

3 

4| 

31 

a 

31 

31 

i 

3 

44 

3 

45 

31 ; 

a 

31 

31 

35 

35 

"i- 

3 

41 

31 

.■> 

31 , 

31 

31 

31 

35 

6 

s 

31 

o 

31 

0-4 

31 ! 

31 

35 

1) 

4 

01 

SJ 

31 

r>i 

31 

3| 

3| 1 

35 

4 

01 

41 

65 

i) 

3i 


35 

35 

3f 1 

C 

41 


4i 

7 

OJ 

3:1 

3,5 

35 1 

0 

4 i 

01 

41 

05 

45 

71 

10 

31 

0 

4 

31 

4] ! 

61 

41 


45 

i'l 


Placed 2' Apart centre to centre. 


•> 

41 

•> 

41 

i 2 

11 

~W 

41 

21 

H 

21 

21 

11 

21 

15 

i 24 

«5 

21 

H 

25 

2 

3 

t't 

.> 

15 

25 

15 

1 25 

2 

3 

•) 

tmi 

.3 

21 

31 

31 

•> 

.3 

21 

i 31 

21 

31 

21 

31 

n 

35 

4 

21 

31 

21 

i 31 

2 | 

35 

21 

35 

21 

4 

41 

21 

31 

21 

, 35 

21 I 

4 

‘)3 

41 

3 

41 


21 

35 


; 4 

25 ! 

41 

3 

i 41 

3 

45 

->1 

25 

41 

25 

41 

3 

41 

3 

45 

3i 

51 

6 

0 

41 

3 

45 

3 ; 

45 

31 

51 

31 

51 

01 

3 

45 

31 

3 

31 

51 

31 

51 

3| 

65 

7 

31 ; 

5 

31 

31 

31 ; 

51 

35 

35 

4 

61 

74 

31 

31 

31 

51 

35 j 

35 

35 

6 

41 

61 

8 

31 , 

31 

35 

35 

35 1 

6 

4 

6l 

41 

65 

81 

3f i 

35 

3! 

6 

4 

01 

41 

61 

41 

7 

9 

35 1 

6 

4 1 


41 ■ 

61 

41 

7 

45 

71 

94 

4 : 

61 

41 

mSM 

41 

65 

45 

71 

5 

7| 

10 

4l i 

61 

41 

(55 * 


7 

45 1 

71 

6 

8 
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Table of Scantlings of Sheesham or Ber Karees or Biirghas placed apart 

centre to centre. 

LaaiSpan. 



Span L. 



Distributed load in lb., per 

square 

foot. 



80 lb. 

1 100 lb. 

1 120 

lb. 

( 150 lb. 

"H^HBTSTS' 


b 

d 

Hi 

d 

im 


ft 

d 

D 

d 

Ft. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 



Ins. 

Ins. 

2 

H 

2 

H 

2 

U 

2 

H 

2 

14 

2 


H 

2 

H 

2 

H 

2 

14 

24 

If 

24 

3 

n 

2i. 

H 

2f 

If 

2i 

If 

24 

If 

2f 

H 

ii 

2^ 

If 

2f 

If 

2f 

If 

2f 

2 

3 

4 

If 

2i 

If 

2f 


3 

2 

3 

24 

34 

H 

o 

3 

2 

3 

2i 

3i 

2i 

34 

24 

3f 

5 


H 

2i 

3i 

2i 

H 

24 

3f 

24 

4 



H 

2i 

H 

2^ 

3f 

24 

4 

2f 

44 

6 

n 

H 

2^ 

3f 

2i 

4 

2f 

44 

3 

4 A 

6^ 

2i 

n 

2i 

4 

2f 

4J 

3 

44 

3 

4i 

4 


4 

2f 

4f 

3 

44 

3 

4f 

34 

5 

n 

2f 

H 

3 


3 

4f 

31 

5 

34 

54 

8 

3 

H 

3 

4f 

34 

5 

34 

54 

34 

54 

Si 

3 

H 

n 

5 

H 

5 

34 

54 

3| 

5f 

9 

3 

4| 

H 

5 

H 

5i 

34 

54 

3f 

t> 

n 

H 

5 

H 

6f 

H 

H 

3f 

5f 

4 

64 

10 

■ai 

m 

n 

^ -1 1 / 

-H 

3f 

Sf 

3f 

0 

44 

64 


Placed I' apart centre to r-e,rUre. 


2 

14 

9 

14 

2 

14 

2 

4 

2 

14 

24 

24 

H 

o 

14 

24 

14 

24 

i| 

24 

If 

24 

3 

14 

24 

If 

24 

If 

24 

If 

2f 

2 

3 

34 

If 

24 

If 

2f 

If 

2f 

9 

3 

24 

34 

4 

If 

2f 

2 

3 

24 

34 

24 

34 

24 

34 

44 

24 

34 

24 

34 

24 

34 

24 

3f 

24 

4 

5 

24 

34 

24 

34 

24 

3f 

2i 

4 

24 

44 

54 

24 

34 

24 

3f 

2A 

4 

2f 

44 

3 

44 

6 

24 

3f 

24 

4 

2| 

44 

3 

44 

3 

4| 

64 

24 

4 

2f 

44 

3 

44 

3 

4f 

34 

5 

7 

2f 

44 

3 

44 

3 

1 

34 

5 

34 

54 

74 

3 

44 

3 

4f 

34 

! 5 

34 

54 

3f 

5f 

$ 

3 

41 

34. 

5 

34 

54 

3f 

54 

3| 

6 

84 

34 

5 

34 

54 

34 

54 

3f 

5f 

4 

64 

9 

34 

54 

H 

54 

3f 

5f 

3f 

6 

44 

64 

94 

34 

54 

34 

5f 

3| 

6 

4 

64 

44 

6f 

10 

34 

64 

31 

6 


64 

44 

64 

44 

7 
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Tabu of Scantlings of Sheesham or Ber Karces or Burghaa placed 18" apart 

centre to centre. 



L=Span. 


Distributed load in lb. per square foot. 


Span L. 

80 

lb. 

ItK) lb. 1 

120 lb. 

150 lb. 

1 200 lb. 

6 

d 

b 

d 

b 

d 

b 

d 

■i 

1 ^ 

Ft. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 


•> 

H 

o 

11 

>•> 

11 

21 

11 

21 

13 

21 


n 

n 

U 

21 

1 £ 

21 

13 

23 

13 

23 


H 


n 

2i 

li 

2£ 

2 

.3 

21 

31 


2 

3 

o 

3 

21 

31 

21 

31 

21 

31 

4 

n 

3i 

-1 

31 

21 

31 

21 

33 

21 

4 

H 


31 

n 

31 

21 

3f 

21 

4 

23 

41 

5 

2-h 

3| 


4 

2f 

4 

23 

41 

3 

43 


2i 

4 

2|- 

41 

3 

41 

3 

43 

31 

5 

(3 

2-1 

41 

3 

41 

3 

41 

3l 

5 

31 

51 


3 

41 

3 

41 

31 

5 

31 

51 

33 

53 

i 

3 

41 

31 

5 

31 

51 

31 

51 

33 

6 

n 

H 

5 

31 

51 

31 

51 

33 

53 

4 

61 

8 



31 

51 

3£ 

ol 

33 

6 

41 

61 


31 

51 

3^ 

51 

3| 

6 

41 

61 

41 

63 

9 

3i 

51 

3| 

G 

4 

61 

41 

63 

43 

71 


3i 

6 

4 

61 

41 

61 

41 

7 

43 

71 

10 

4 

61 

41 

61 

41 

6f 

4-1 

71 

5 

73 


Placed aport centre to centre. 


*> 

U 

2 

11 

2} 

11 

21 

13 1 

21 

n 

21 

^>1 

Jj2 

1 13 

21 

13 

21 

U 

23 

li 

23 

0 

.3 

31 

2 

i| 

23 

:i 


3 

•> 

3 

21 

31 

21 

3i 

1 ^ 

•)i 

-4 

31 

21 

31 

21 

31 

21 

33 

41 

4 

21 

31 

21 

31 

21 

33 

2i 

4 

23 

41 

21 

33 

21 

4 

21 

4 

23 

41 

3 

31 

41 

■5 

21 

4 

2| 

41 

3 

41 

3 

43 

y 

51 

2| 

.‘} 

41 

3 

41 

3 

43 

31 

5 

31 

51 

6 

41 

3 

43 

31 

5 

31 

51 

33 

53 

61 

3 

43 

31 

a 

31 

51 

33 

53 

33 

6 

7 

31 

5 

31 

51 

31 

51 

33 

6 

41 

61 

71 

31 

51 

33 

53 

33 

6 

4 

61 

41 

63 

8 

31 

51 

33 

6 

4 

61 

41 

61 

41 

7 

81 

33 

6 

4 

61 

41 

61 

41 

63 

43 

71 

9 

4 

61 

41 

61 

41 

63 

43 

71 

5 

73 

91 

41 

61 

41 

63 


7 

43 

71 

6 

i 6 

10 

41 

63 

41 

7 

•43 

7| 

5 

73 

51 

81 















262 


Table, of Scantlings of Mango, Karees or Burghas placed 9*^ apart Goitre to Centre. 



- WM L=Span. 


Distributed load in lb., per square foot. 

100 ib. \ 120 lb. T iv^'lb. r 200 Tb 

I \ b I d 



Placed 1' apart centre to centre. 
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Table of Scantlings of Maiigo Karcev or Burghas placed 18' apart Centre to 

Centre. 


LesSpan. 


Distributed load in lb. per square foot. 


Span L. 

SO 

lb.' 

j H!U Ib. 

1 J 20 lb7 

150 

lb. 

2(H) 

lb. 


~V " 

d 

b 

1 d 

h 

d 

b 

d 

___ 

i d 

1 

Fr. 

Ins. 

Ins. 

Ins. 

, Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

! Ins. 

o 


•> 

w 

11 

: 2 

11 

•' 1 
, -4 

H 

3i 

n 

1 31 

1 3 

h 

H 



31 

u 

yj- 

“a 

if 

3 4 



Jf 

3;j[ 

u 

31 

o 

A4 

! 3 

2 

• 3 

0 1 
"t 

, 31 


•»> 

3 

oi 

“4 

31 

31 

3] 

31 

lik 

31 

' 35 

4 


31 

31 

31 

•> 1 
-a 

: 31 

31 

n 

31 

1 4 

41 

<■>1 

-^4 

H 

■> 1 
"a 

H 

o 1 

.w n 

4 

21 

4.{ 

3 

i 41 

T) 


H 

y 1 

' 4 

3| 

' 41 

3 

4 A 

3 

: 

{')! 


‘M 

o a 
-1 

41 

.fe 

•> 

41 

3 

4| 

31 

I 51 

(> 

3 

41 

3 

41 

3 

. 4 -i 

n. 

51 

31 

I 51 

(51 

3 

45 

3] 

' 5 

:?J 

51 

H 

54 

3.^ 

1 5? 

1 

n 

5 

in 

' 51 

31 

■">1 

n 

5| 

4 

1 01 


H 

^■>1 

31 

, 5^ 

3| 

' r.n 

O 4 

31 

6 

41 

! 01 

8 

31 

51 

3J 

51 

3? 

6 

4 

6{ 

41 

01 

81 


5^^ 

3i£ 

6 

4 

01 

41 

01 

41 

; 7 

0 

3f 

6 

4 

01 

41 

' oi 

41 

7 

41 

: 


4 

01 

41 

n 

41 

0! 

41 

7] 

5 

1 

10 

H 

01 

41 


41 

l 7 

41 

71 

5 

i 8 




Flaced 2' apart centre to centre. 




2 

i 

31 

11 

31 

1^ 

31 

1| 

31 

11 

31 

n 


31 

11 

3|- 

1|- 

21 

2 

3 

2 

31 

3 


31 

2 

3 

21 

31 

21 

31 

31 

3l 

H 

H ‘ 

31 

31 

31 

31 

31 

21 

3f 

21 

4 

4 

y j 
‘i-4- 

H 

31 

3f 

31 

4 

21 

4 

2| 

41 

^11 

O 1 

3.? 

3] 

4 

o:» 

--1 

41' 

3 

41 

3 

41 

5 

2| ; 

41 

3 

41 

3 

41 

3 

41 

3i 

51 


3 i 

41 

3 

4f 

31 

5 

31 

51 

31 

54 

6 

3 i 

41 

31 

5 

31 

51 

31 

61 

3|- 

6 

61 

H i 

5 

31 

51 

31 

51 

3| 

5f 

4 

61 

7 

3i : 

51 

31 

51 

3| 

5| 

4 

61 

41 

61 

71 

H i 

61 

3i 

.6 

4 

61 

41 

61 

41 

7 

8 

3i 1 

51 

4 

61 

41 

61 

41 

61 

41 

71 

8J 

3| 1 

6 

41 

61 

41 

61 

41 i 

7 

5 

7| 

9 

4 j 

61 

41 

6| 

41 

7 

4f ; 

71 

5 

8 

9^ 

4i i 

Of 

41 

7 

* 41 

71 

5 

71 

51 

81 

10 


7 

4f 

71 

»4i 

71 

5 

8 

51 

81 
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Table of Scannings of Deodary Ghil, Kail, Karees or Burghas placed 9' apart 
,— CerUre to Centre. 


L=S]:an. 


Distributed load in lb., per square foot. 


Span L. 

8U 

lb. 

1 100 lb. 

1 120 

lb. 

150 

lb. 

1 200 lb. 

b 

d 

6 

d 


d 

b 

d 

6 

d 

Ft. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 



2 

4 

2 

4 

2 


2f 

4 

2i 

H 

H 

H 

4 

2J 

If 

2i 

H 

n 

4 

2i 

3 

H 

n 

If 

2| 

If 

2f 

2 

3 

2 

3 

H 


n 

‘> 

3 

2 

3 

2i 

3i 

2f 

H 

4 

•> 

3 

H 

3f 

2i 

3f 

2i 

3i 

2| 

3f 



H 

2i 

3i 

2i 

3| 

2^ 

4 

2f 

4f 

5 

H 

H 

2i 

3f 

2i 

4 

2f 

4i 

3 

4i 

H 

n 

H 

2^ 

4 

21 

4f 

3 

4^ 

3 

4f 

c 


4 

4 

4i 

3 


3 

4f 



H 

21 


3 


,3 

4f 

3i 

5 

H 

5i 

7 

3 


3 1 

If 

3i 

5 

3i 

5f 

3i 

5f 

n 

3 

H 

H 

5 

3^ 


3£ 

5f 

3| 

6 

8 

Si 

5 

3| 

5i 

3^ 


3f 

0 

4 

6f 


n 

H 

3| 1 


3f 

5f 

4 


4f 

Of 

9 



3f 1 


3f 

6 

4i 


4i 

7 

n 

H 

5£- 

3f : 

0 

4 

6f 

4f 

0| 

4i- 

n 

10 

n 

0 

4 

6^ 


0^ 

4^ 

7 

4| 

n 


Placed apart centre to centre. 


2 


2 


1 2 

ii 

2f , 

1 

2f 

If 

, 21 

2i 

4 

2f 

4 

' 2^ 

If 

2^ 1 

1 4 

2f 

0 

w 

i 3 

3 

4 

2f 

4 

2f 

o 

3 

2 

3 

21 

i 

3f 

2 

3 

2i 

3i 

2f 

, ai 

2f 

3^ 

21 

! 31 

4 

2i 

3f 

2i 

3^ j 

2i 

, 3k 

2k 

3f 

21 

; 4 

4| 

2i 

3^ 


3f 

2i 

. 4 

2f 

4i 

3 

41 

0 

2^ 

3f 

2| 

4 

2f 

1 4f 

3 

H 

3 

4f 

5.} 

2f 

4i 

2f 

4i 

3 

1 H 

3 

4f 

31 

51 

6 

3 

4^ 

3 

4f 

3 

i 4| 

3k 

5i 

31 

51 

6J 

3 

4f 

3f 

5 

3i 

1 5i 

3i 

H 

3f 

5f 

7 

3f 

5 

3i 

5i 

3 k 

; H 

3| 

6f 

4 

61 


H 

H 

3i 


3i 

: 6i 

3J 

6 

41 

61 

8 

H 

H 

3f 

5f 

3f i 

6 

4 

6f 

41 

61 


3f 

5i 

3f 

6 

4 ; 

6i 

4f 

6i 

41 

7 

9 

3f 

6 

4 

6f 


H 

H 

7 

41 

71 

9i 

4 

6f 

4f 

6J 


6i 

4i 

7f 

6 

7i 

10 

H 

6^ 

4f 1 

61 

Hi * 

7 

4| ; 

7i 

6 

8 
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Tabu of Scantlings of Deodar^ Chil, Kail, Kareea or Burghas placed IS'' apart 

Centre to Centre. 


^ -U-^ Ls>Span. 



1 Distributed load in lbs. per square foot. 

Span L. 

SO 

lb. 

1 100 

lb. 

120 

lb. 

150 

lb. 

1 200 lb. 


b 1 

d " 

Hi 

d 

6 

d 

6 

1 d 

b 

d 

Ft. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

2 

n 1 

■ 

H 

2i 

If 

23 

13 

23 

13 

23 

n 

ii 

2i 

13 

23 

3 

13 

23 

2 

3 

23 

33 

3 

2 

3 

2 

23 

33 

23 

1, 33 

23 

33 

H 

2i ' 

3i 

2i 

3^ 

23 

33 

23 

33 

23 

4 

4 

2k ' 

3i 


33 

23 

4 

23 

43 

3 

43 


2i ! 

4 

23- 

43 

23 

43 

3 

43 

33 

5 

5 

n 1 

H 

3 

4k 

3 

43 

33 

5 

33 

53 


3 , 

H 

3 

43 

33 

5 

3i 

53 

33 

63 

6 

3 , 

4f 

3i 

53 

33 

53 

33 

5| 

33 • 

6 


3| 

5i 

H 

53 

3| 

53 

33 

6 

43 

63 

7 

3i j 


3f 

53 

33 

B 

4 

63 

43 

63 

n 

3i 

5| 

3| 

6 

4 

63 

43 

63 

43 

73 

8 

3i ! 

6 

H 

63 

4i 

63 

43 

7 

43 

73 

Si 

4 i 

6i 


63 

43 

7 

43 

73 

5 

73 

9 

1 

Bi 

H 

7 

43 

73 

6 

73 

53 

83 

n 


6i 


73 

43 

73 

5 

8 

53 

83 

10 

' 

7 


73 

.5 

73 

53 

83 

53 

83 


Placed 2'' apirt centre tc centre. 


2 

13 

2i 

H - 

23 

13 

23 

H 

2 i 

2 

3 

23 

13 

23 

2 

3 

0 

3 

23 

33 

23 

33 

3 

23 

33 

23 

33 

23 

33 

23 

33 

23 

4 

33 

23 

33 

23 

33 

23 

4 

23 

4 

3 

43 

4 

23 

4 

23 

' 4 

23 

43 

3 

43 

3 

43 

43 

23 

43 

3 

43 

3 

43 

33 

5 

33 

53 

5 

3 

43 

3 

43 

33 

5 

33 

53 

33 

53 

53 

33 

6 

33 

53 

33 

53 

33 

53 

33 

6 

6 

33 

53 

33 

53 

3| 

63 

33 

6 

43 

63 

63 

33 

53 

33 

53 

33 

6 

43 

63 

43 

7 

7 

33 

53 

4 

63 

43 

63 

43 

63 

43 

73 

73 

4 

63 

43 

63 

43 

63 

4 | 

73 

6 

7 f 

8 

43 

63 

43 


43 

7 

43 

73 

5 

8 

83 

43 

63 

43 

7 

43 

73 

6 

73 

53 

83 

9 

43 

7 

43 

73 

6 

73 

53 

83 

53 

83 

93 

43 

73 

5 

73 


8 

53 

83 

6 

63 

10 

4 | 

73 

5 

8 

83 

64 

83 

6 

93 
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Table of Scantlings for BE A MS^ under different Loads distribvUed. 
Deodar, Chir or Kail 2' Centre to Centre, 

Teak, Sal or Keekar 4' Centre to Centre. 

Sheesham 3^' Centre to Centre. 

Mango 3' Centre to Centre. 


Distributed load in lb., per square foot. 
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TahU of Scantlings for BEAMS—^oontinMod, 


Distributed load in lb., per square foot. 


Span. 

80 lb. 


120 lb. 

150 lb. 

160 lb. 

200 lb. 


b 

d 

1 

d 

b 

d 

b 

d 

B 

d 

b 

d 

Ft. 

Ins. 

Ins. 

Ins. 

Ins. 

In.s. 

Ins. 

Ins. 


Ins. 

Ins. 

Ins. 

Ins. 

14 

5{: 

lOf 


Ill 

51 

Ill 

61 

121 

61 

12| 

61 

131 

15 

5| 

lu 

6 

12 

H 

m 

61 

131 

61 

131 

7 

141 

Ifi 

5'i 

111 

H 

m 

64 

13 

6| 

13| 

7 

14 

71 

14| 

17 


m 


13 

61 

13| 

71 

141 

71 

14| 

7| 

151 

J8 


13 


13| 

7 1 

HI 

71 

15 

7| 

151 

8 

161 

10 

0^ 

m 

7 

141 

U\ 

15 

7| 

15| 

8 

10 

81 

17 

20 

7 

14 

71 

14| 

7|i 

Wi 

8 

161 

81 

16| 

8| 

17| 


Deodar, Chir or Kail 3' Centro to Centre. 
Teak, Sal or Keekar C' „ ,, „ 


Sheesham 

sr 

Mango 

4V 


FI,. 

Ins. 

j Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

, Ins. 

Ins. 

Ins. 

1 Ins. Ins. 

6 

.3 

1 6 

3 

61 

31 

61 

31 

7 

31 

7 

31 

71 

7 

3J 

i 6| 

31 

, 7 

31 

71 

3| 

7| 

4 

8 

1 

81 

8 

31 

71 

3! 


4 

8 

41 

81 

41 

8| 

41 

91 

9 

4 

8 

41 

84 

41 

8| 

4| 

91 

4| 

91 

o 

101 

10 

41 

8| 

41 

91 

4| 

91 

5 

101 

51 

101 

51 

11 

11 

41 

61 

5 

10 

5 

101 

51 

11 

51 

Hi 

5| 

HI 

12 

5 

10 

51 

104 

51 

11 

5| 

111 

6 

12 

61 

124 

13 

51 

101 

51 

lU 

5| 

111 

61 

121 

61 

121 

61 

131 

14 

51 

m 

5| 

111 

61 

121 

61 

131 

61 

131 

7 

14 

15 

5| 

111 

61 

121 

61 

13 

6| 

13| 

7 

14 

71 

15 

16 

61 

121 

61 

13 

6| 

13| 

71 

141 

71 

14| 

7| 

151 

17 

61 

13 

6| 

13| 

7 

141 

71 

151 

7| 

151 

8 

161 

18 

6f 

131 

7 

141 

71 

15 

8 

16 

8 

161 

81 

17 

19 

7 

14 

71 

15 

7| 


ia 

161 

81 

161 

8| 

17| 

20 

_ZL 

14| 

7| 

151 

8 


Eli 

171 

JL. 

171 

91 

181 
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Table of Scantlings for BEAMS —continued. 


Deodar, Chir or Kail 
Teak, Sal or Keeker 
Shoesham 
Mango 


3^' Centre- to Centre. 


r 







ff 

99 


99 99 

99 99 


Distributed load in lb., per square foot. 


Span. 

80 lb 

100 lb. 

120 lb. 

150 lb. 

160 lb. 

b d 

200 lb. 

b 

d 

1 * 

d 

b 


6 

d 

b 

d 

Ft. 




Tns. 

Ins. 

Ins. 


Ins. 

Ins. 

Ins. 

Ins. 

Tns. 

G 

.3 

6} 

H 

G.^ 

3,1- 


n 

7.1 

n 

7} 

31 

7| 

7 

3 

7 

n 

u 

3| 

n 

4 

8 

4 

8i 

4} 

8|- 

8 


n 

4 

8 

H 


4i 

0 

4^ 

9 

4| 

94 

0 

4 

8J 

41 

S|- 

n 

9i 

4| 

9|- 

5 

10 

H 

10} 

10 

4^ 

0 

4f 


5 

10 


10^ 


J0| 

54 

Hi 

11 


n 

5 

lOi 


10|- 

5J 

IH 

5| 

111 


12} 

]2 

o 

m 


11 

5f 

IH 

G 

12 

G ; 

12^ 


13 

13 

r>i 

11 

r>f 

in 

6 

12i 

GJ 

13 

6^ 

13 

7 

14 

14 

bf 

111 

6 

12i 


13 

6|- 

13| 

7 ' 

14 

7} 

14 1 

15 

6 

12^ 


13 

H 

13i 

7} 

14| 

7^ : 

lU 

7| 

15} 

16 


13 


13^ 

7 

14i 

7i 

15 

7f 


8 

16} 

17 


m 

7 

14i 

n 

15 

7|- 

15f 

8 , 

1C 

84 

17 

18 

7 

14 

n 

15 

7i 

15i 


16i 

8-i 1 

1G£ 

8} 

17} 

19 

n 

14| 

n 

15^ 

8 

16^ 

8^ 

17i 

8|- 

17.} 

9.f 

184 

20 


lf*l 

8 


8i 

16i 

9 

18 

9 ! 

18} 

n 

19} 


Deodar, Chir or Kail 4' Centre to Centre. 
Teak, Sal or Keeker 8' „ „ „ 

Shee^am 7' „ ,, „ 

Mange 6' „ „ „ 


Ft. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

! Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins, 

6 

H 

64 

3} 

6} i 

3} 1 

1 7 

3} 

7} 

3} 

7} 

4 

8 

7 

Si 

7} 

3} 

74 

4 : 

1 8 

4 

8} 

4} 

8} 

4} 

9 

S 

4 

8 

4 

8} 

4} j 

: 8} 

4} 

9} 

4} 

9} 

5 

10 

9 

4} 

8} 

4} , 

9 

4} ! 

9} 

5 

10} 

5 

10} 


10} 

10 

4} 

9} 

4} 

9| 

1 5} i 

10} 

5} 

11 

•?i 

1 11} 

1 5| 

11} 

11 

6 

10 

5} 

10} 

5J , 

11} 

5} 

11} 

I 6 

12 

6} 

12} 

12 

H 

10} 

5} 

11} 

® 1 

12 

6} 

12} 

6} 

12} 

9| , 

13} 

13 

H 

11} 

6 ! 

! 

t 

. 

6} 

12} 

6} 

13} 

6} 

13} 

7 i 

1 

1 

14} 




Tabu 





Distnbu 

ted lo 

1 


80 lb 

1 100 lb 


Span. 



1 _ 




6 

d 

b 

d 

b 

Ft. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

14 

6 

12 

6 i 

124 

6 i 

15 


m 

bi 

\H 

7 

16 


I3i 

7 

14 

n 

17 

7 

14 

n 

14f 

n 

18 

n 

Hi 

71 

15i 

8 

19 


m 

8 

16 

H ! 


n 

15| 1 


16| 

8 | 


Deodar, Cbir or Kail 4^' Centre to < 
Teak, Sal or Keekar 9' „ „ 

Sheesham „ ,, 

Mango C|' 


Ft 

In-< 

Ins. 

Ins. 

, Ins. 

Ins. 

6 

34 

fi] 

34 

7 

34 

7 

3J 

n 

3| 

74 

4 

8 

4 

s 

14 

84 

44 

0 

41 


4f 

04 

44 

10 

H 

94 

5 

104 

54 

ll 

5 

104 

64 

11 

5| 

12 

ryi 

11 

1 

1 111 


13 

Bi 1 

1 

H 

124 

64 

14 


12i 

64 1 

t 134 

6f 

15 

6i 

13 

6f 


74 

16 


13} 

74 

144 

7| 

17 

7 

1 144 

74 

154 

8 

18 

7i 

15 

8 

16 

84 

19 

7£ 

164 

84 

164 

84 

20 

8 

164 

00 

tan 

174 

9 


f—continued. 


ad in lb., per square foot. 


lb 

d 

160 lb. 

160 lb. 

200 lb. 

b 

d 

b 

d 

b 

d 

Ins. 

Ins 

Ins. 

Ins. 

Ins. 

Ins. 

1 Ins. 

134 

7 

14 

7 

144 

74 

154 

14 

74 

16 

74 

15 

8 

16 

HI 

74 

154 

7| 

15} 

84 

16| 

15J 

S 

16} 

8} 

104 

8f 

174 

■TifH 1 

■iSr'Mi 

84 

17 

84 

174 

9 

184 

16f 

8| 

17| 

9 

18 

94 

19 

174 

94 

181 

94 

18| 

94 

194 


Centre. 


In^i. 

Ins 

Ins 

Ills. 

Ins. 

Ins. 

Ins. 

7 

3 | 

7 i 

3 | 

7 | 

4 

84 

8 

44 

84 

44 

8| 

44 

94 

9 

4 | 

94 

4 | 

9 } 

•} 

104 

9 | 


; 104 

54 

104 

54 

114 

10 | 

64 

: 114 

6| 

114 

6 

124 

114 

6 

12 

6 

124 

64 

13 

124 

64 

13 

64 

1.34 

7 1 

14 


6| 

134 

7 

H 

74 

H| 

13 | 

74 

144 

74 

H| 

74 

154 

144 

74 

164 

7 | 

164 

84 

104 

16 | 

8 


8 

164 

84 

174 

16 

84 


mm 

IM 

9 

18 

164 

8| 

174 


Bfl 

94 

181 

174 

9 

184 

■i 


9 | , 

19 | 

18 

i 

94 

19 

' 

1 94 

1941 

104! 

204 
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TnJtiU of Scantlings for continued. 

Deodar, Cliir or Kail 5' Centro to Centre. 

Teak, Sal or Keekar 10' „ ,, „ 

Slieeahain 8|' „ ,, „ 

Mango 7^' „ „ „ 


Distributed load in lb., per square foot. 


Span. 

80 

lb. 

KKl 

lb. 

120 

lb. 

150 lb. 

160 

lb. 

200 

lb. 


b 

d 

6 

d 

b 1 

( 

d 

6 

d 

6 

d 

b 

1 

' d 

i 

t 

1 

Ft. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

ln.s. 

Ins. 

Ins. 

Ins. 

1 ns. 

! Ins. 

0 


H 

3-1 

7 

.i f 

7.', 

3? 

7-$ 

4 

8 

4:1 

81 

7 

‘.it 

U 

4 

8 

4 

81- 

41 

8? 

41 

9 

4.$ 

9.1 

8 

1 

Si 

41 

8? 

41: 

91 

4$ 

91 

5 

10 

51 


9 


9 

4$ 

9$ 

5 

10 i 


191 

51 

101 


111 

10 


9! 

•")l 

10 i 

•’2 1 

11 

5$ 

11^2 

5$ 

11$ 

91 

12l 

11 

5^ 

10 i 

5.1 

111 

H ! 

11$ 

91 

12 i 

91- 

12$ 

91 

13 1: 

12 


lU 

G 

12 

Gi 1 

12^ 

91 

131 

9$ 

131, 

7 

141 

i:i 

G 

12 

Oi 

12| 

Gi- 

14.1 

7 

14 

7 

14.1 

" X 

»7 

151 

14 


12$ 


131 

7 

14 

n- 

15 

' a 

151 

8 

IG 

15 


131 

7 

14.1 

7i 

15 

7$ 

15$ 

8 

IG 

81 

17 

IG 

rr 

4 

14 


14$ 

'7$ 

151 

81 

IG.l 

8.1 

i«5 

8$ 

17| 

17 

u 

14$ 

7$ 

J5| 

8 

19.1 

8.\ 

171 

8$ 

17.1 

9-1 

181 

18 

n 

151 

8 

m 

SI 

17 

9 

18 

9 

181 

9.V 

191 

19 

8 

IG 

81 

17 

8$ 

17$ 

91 

18$ 

9.V 

19 

10 

20 

20 


1G$ 

s$ 

17$ 

91 

18.1 

9$ 

19.1 

9$ 

19$ 

10^ 

21 


Deodar, Chir or Kail f)i' Centro to Centro 
Teak, Sal or Keekar 11' „ ,, 

Sheeshani ,, ,, 

Mango 8|' „ „ 


Ft 

Ins. 1 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins- 

! Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

a. 

H 

9| 

n 

u 

3$ 

71 

4 

8 

4 

81 

41 

8$ 


H 

7$ 

4 

8i- 

41 

81 

41 

9 

41 

91 

4|- 

9$ 

8 

4i 

8J^ 

4i 

9 

4| 

91 

5 

10 

5 

101 

51 

10$ 

9 

4i ' 

9i 

5 

10 

5 

101 

51 

11 

51 

11 

5$ 

11$ 

10 

5 

10 

5$ 

lOf 

51 

111 

6 

12 

6 

12 

61 

12} 

11 

6$ 

10$ 

5f 

lU 

6 

12 

61 

12| 

61 

13 

6| 

131 

12 

6f 

m 

6 

1-1 

61 

13 

6$ 

131 

6f 

131 

71 

141 

13 

6 

12i 

6^ 

13 

6| 


71 

1411 

71 

]4| 

7f 

151 
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Table of Scantlings for BE A MS —contiuuod. 


Distributed load in lb., per square foot. 


100 lb. 120 lb. 150 lb. 



160 lb. I 200 lb. 


Tus. 

( 

1 Ins. 

7? 

154 

8 

161 

8| 

17 

8? 

17? 

91 

18] 

9’ 

191 

10 

20 


Deodar, Chir or Kail 6' Centro to Centro. 
Teak, Sal or Kcokar 12' „ ,, 

Shoosbani JO^' ,, » 

Man"0 6' „ ,, 


b d \ b d \ b d 



Ft. Ins, 

6 .‘U 

7 4 

S 4|r 
9 4| 

10 

11 5.i 

12 6 

13 

14 U 

15 7 

16 

17 7i 

18 8 
10 


8 

8^ 

OJ 

lOj 

lU 

12 

12.V 

KU 

14 

1 15i 


[ Ins. ; Ins. 

H j 

41 I 9| 
5 I 10.1 
5| j 11 

I 11:1 

6| 12| 

6| I3f 

7 14 

7i 15 

7| 15^ 

8 161 

8i 17 

H 17i 


Ins. ins. 

n 7-1 

4{ 8] 

4 1- n 

51 104 

5? ; 11.4 

6 I 121 
6| I i;i 

7 14 

n m 

li I 15^ 

8 : 161 
8^ I 17 
81 I 17| 
91 1 

04 f 104 


Ins. I 

1,1 

5 ! 
51 I 

61 I 


Jji.s 

81 

91- 

lOi 
111 
12i 
1.3 
14 
14f 
154 
164 
17| 
18 
18|- 
10.1 
201 


1 


Ins. Ins. 
84 44 

94 5 

104 54 

111 6 

124 64 

m 7 

144 74 

15 8 

15? 84 

164 8| 

174 94 

184 9| 

19 10 

20 I 104 

204 I 11 


Ins, 

Si¬ 

lo 

11 

12 

13 

14 

15 

16 
164 
174 
181 
194 
204 
21 
22 
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Tabu of Sccmtlinga for 5121^ JUS-—continued. 

Deodar, Chir or Ksil Centre to Ceutreu 
Teak, 1^1 or Keekar 13' ,, „ 

Sheesham 11|' „ „ 

Mango 9f' „ „ 


Distributed load m lb., per square foot. 


pan. 

80 lb. 

ICK) lb. 

120 lb. 

160 lb. 

b d 

160 lb. 

200 lb. 

b 

1 

1 ^ 

1 

6. 

d 

6 

d 

b 

d 

6 

1 d 

1 

Ft. 



Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins 

Ins. 

Ins. 

Ins. 

6 

H 

1 

3| 

H 


8 

44 

84 

44 

84 

44 

9 

7 

4 

8 

4i 

8i i 

9 

4J 

94 

4| 

94 

o 

104 

8 


' 9 

4f 

94 

r •> 

10 

1 

10] 

54 

104 

54 

114 

9 


9| 

5 

lOi j 5i 

103 

H 

114 

54 

114 

6 

124 

10 


104 


IH 1 H 

lit 

C 

12i 

54 

124 

64 

134 

11 


Hi 

6 

12 

()] 

12i 

6i 

134 

64 

134 

7 

144 

12 

6 

12 

6i 

12| 

61 


7 1 

144 

74 

144 

74 

154 

13 

H 

12| 


13] 

7 

144 

7i 1 

J5 

7] 

154 

8 

164 

14 

6| 

13^ 

n 

144 

74 

15 

8 

16 

8 

164 

84 

17 

16 

7 

14i 

1 

I6V 

H 

1.64 

SI 

lt)| 

84 

17 

9 

18 

16 

n 

15 

8 1 

16 

Si 

16| 

Si 

174 

9 

18 

94 

19 

17 

n 

15| 

8^ 1 

16} 

SI 

17] 

9i 

184 

94 

18? 

9| 

19| 

18 

Si 

16i 

SI 

17^ 

9 

18} 

94 

194 

9f 

194 

104 

204 

19 

Si 

17 


18 j 


19 > 

10 

20 

104 

204 

104 

2U 

20 

Si 

i7i ' 

H ' 

]8i 1 

H 

19? ' 

104 

2('i 

104 

214 

11 

224 


Deodar, Chir or Kail 7' Centre to Centre. 


Teak, Sal or Keekar 

Shee^am 

Mango 


14' 

99 

99 

124 ' 

99 

99 

104 ' 

99 

$9 


Ft. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins 

Ins. 

In«. 

1 Ins. 

Ins. 

Ins. 

Ins. 

Ins, 

6 

34 

74 

3| 

7| 

4 

S 

44 1 

' 84 

44 

8f 

44 

9, 

7 

4 

84 

44 

Si 

44 

9 

44 1 

94 

4| 

9| 

54 

10 

8 

44 

9 

4f 

94 

5 

10 

54 

104 

54 

104 

oi 

114 

9 

5 j 

10 

54 

104 

54 

11 

5 | ' 

114 

5f 

HI 

6| 

124 

10 

64 

10| 

54 

114 

1 6 

12 

64 

124 

64 

12| 


134 

11 

6| 

I 114 

6 

124 

4 , 

124 

I 6| 

134 

1 6f 

13| 

74 

144 

12 

6 

124 

64 

13 

13 

Hi 

74 ' 

144 

74 1 

14| 

1 74 

154 

13 

64 

1 

13 

7 

14 ) 74 ' 

74 

164 


154 j 

84 

164 
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TahU of Scantlings for coatinued. 


Distributed load in lbs., per square foot. 


Span. 

80 lb. 

100 lb. 

120 lb. 

j 150 lb. 


200 lb. 

1 

d 

6 

d 

1 

b 

I 

1 d 

1 

■ 

j d 

1 

PI 

1 

d 

1 

1 ^ 

Ft. 

Ins. 

Ins. 

Ins. 

! Ins. 

[ns. 

Ins. 

Ins. ^ 

Ins. 


Ins. 

Ins. 

Ins. 

14 

7 

14 

u 

' 14| 

n 

Jot 

8 

l(>t 


16i 

Si 

in 

15 

n 


V 

l5.Lj 

8 

16 

8i 

17 

Si 

J7i 

9i 

184 

1(5 

n 


8 i 

lei 


17 

9 

18 

9 

18j 

n 

19} 

17 

8 


Si 

1 1'^ 

Si 

in 

9i ' 

18^ 

n 

19 

10 

20J 

18 


16| 

Si 

m 

9i 

m 


I9i 

10 

20 

ml 

1 21 

19 



91 

m 

9i 

m 

loi 1 

20 V 

lOi 

2(4 j 



20 

9 

18i 

1 . 

9i 

191 

10 

20 

UH 

2li 

10 i 

21i| 

1 

lu' 

22i 


Deodar, Chir or Kail 1 ^' Centro to Contio. 


Teak, Sal or Keokai 15' „ 
Sheesham 13^' „ 


Mango „ 


Ft. 

Ins. 

, Ins. 

Ins. 

Ins. 

Ins. 

6 

‘1 < 
04 

7} 

3| 

7f 

4 

7 

4 

Si 

H 

8| 

44 

8 

H 

9i 

4| 

9| 

5 

9 

5 

lOi 

5i 

104 

54 

10 

oi 

11 

5i 

in 

6 

11 


111 

64 

121 

64 

12 

H 

12i 

64 

134 

7 

13 

6| 

13i 

7 

14 

7i 

14 

7 

14 

n 

16 

74 

15 

n 

15 

n 

16i 

81 

16 

n 

16i 

84 

164 

8i 

17 

8 

16} 

84 

17f 

9 

18 

Si 

17 

9 

18 

94 

19 

Si 

17| 

94 

18| 

9| 

20 

H 

184 

9| 

194 

lOi 




Ins. 

Ills. 

ills. 

Ins. 

Ins. 

Ins. 

f Ins. 

84 1 

41 

8 ! 

44 

8i 

44 

' 9i 

9i 

4i 

9i 

5 

10 

64 

101 

104 


1 lOf 

54 

11 

n 

114 

Hi 


111 

6 

12 

64 

12 | 

124 

04 

124 

64 

1.3 

6| 

1 134 

13 

61 

134 

7 

14 

74 

1 144 

14 

74 

144 

74 

15 

74 

154 

14| 

7f 

1 104 

8 

16 

84 1 

1 164 

154 

84 

164 

84 

16| 

8 | ' 

' 17| 

101 

84 

174 

8 | 

174 

94 

1 184 

174 

9 

181 

94 

184 

9J 

194 

18 

94 

19 

9f 

194 

104 

204 

18| 

9| 

19| 

10 

204 

lOfl 

214 

19| 

104 

1 20| 

104 , 

21 

11 

224 

204 

1_ 

lOi 

214 

11 ' 

22 

' 


234 
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Table of Scantlings for BEAMS —contiaaed. 


Deodar, Chir or Kail 8' Centre to Centro, 
Teak, Sal or Keekar Hi' ,, ,, 

Shoesham 14' ,, ,. 

Mango 12' „ „ 


Distributed load in lb., per square foot. 


Span. 


lb. 

100 

lb. 

I 120 lb. 

150 lb. 

160 lb. 

200 

lb. 


b 

d 

b 

d 


d 


d 

b 

d 

b 

d 

Feet. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

m 


ln.s. 

Ins. 

(i 

n 

n 

4 

8 

41 

8i 

4.1 


4i 

9 

n 

9} 

7 


H 


0 

4? 

91 

5 

10 

5 

10 

51 

io| 

8 

41 

9J. 

5 

10 

61 

101 

6} 

11 

6-2 

111 

6 

ill 

9 

5 

m 

61 

10| 

rw3 

O 4 

111 

6 

12 

6 

121 

61 

13 

10 

51 

111 

51 

111 

6 

1^1 

6 V 

13 

6.J 

13} 

7 

14 

11 

(5 

12 

6] 

12| 

6.1 

131 

7 

14 

7 

141 

7-1 

15 

12 

61 

121 

61 

m 

7 

14} 

74 

15 

71 

15 } 

8 

16 

13 

61 

13^ 

7 

141 

7i 

15 

8 

16 

8 

161 

8} 

17 

14 

7 

141 

7| 

151 

n 

15} 

8^ 

165 

81 

17.1 

9 

18 

1.5 

7.V 

15 

8 

16 

81 

jof 

8? 

171 

9 

18 

Si 

19 

16 

n 

15f 


16| 

81 

171 

9} 

181 

n 

185 

10 

20 

17 


16^ 

8i 


9 

181 

9-J 

19.1 

95 - 

105 

101 

21 

18 

8.V 

171 

9 

181 

9i 

19 

10 

201 

10 

20.1 

11 ! 

21f 

19 , 

9 

18 

91 

19 

10 

2(> 

lol 

21 

101 


Ill ] 

221 

20 I 

91 

m 

9^ 

19| 

loi 

201 

11 

22 

11 

00 1 

Ilf 1 

1 

23} 


Deodar, Chir or Kail 8-V' Centro to Centre. 
Teak, Sal or Keekar 17' „ ,, 

Sheosham 14|' „ „ 


Mango 12|' 


Ft. 1 

Ins. 

Ins. 

Ins. 

Ins. 

In.s. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 1 

Ins. 

Ins* 

6 

H 

7f 

4 

8 

4} 

81 

4h 

9 j 


9 ! 

Uf 

92 


4} 

81 

4} 

9 

H 

94 

5 

10 

r 

iP 

101 

61 

io| 

8 

4| 


5 

10 

6} 

101 

H 

11 

61 

111 

6 

12 

9 

6} 

lol 

6} 

11 

5| 

in 

6 

12} 

61 

121 

61 

13 

10 

51 

I 114 

6 

12 

6} 

12.4 

64 

131 

6| 

13.1 

7 

141 

11 

6 

12 

6} 

12f 

6-1 

13-1 

7 

14} 

7} 

141 

71 

151 

12 

6i 

12 


13J 

7 

141 

71 

15 

72 

151 

8 

161 

13 

6| 

13} 

\n 

14i 

74 

1 % 

8 

i 

16 

8 

161 

81 

17} 
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Table oj Scantlings for BEAMS —coucJuded. 





Distributed load in lb., per square foot. 



J:>pan. 

80 

lb. 

100 lb. 

120 lb. 

150 lb. 

1()0 lb. 

200 

Ib. 


b 

1 

d 

b 

d 

b 

1 

d 

fl 

d 

b 

d 

b 

d 

Ft. 

In.s. 

la!^. 

Ins. 


Ins. 

Ins. 1 

[ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

U 


]4i 

71 

154 

8 

16 

81 

17 

84 

17? 

9 

181 

15 


ir,{ 

8 

16i 

84 

17 

9 

18 

•9 

181 

94 

191 

1(> 

8 

It) 

8i 

17 

8? 

17.? 

91 

18? 


19 

10 

201 


H- 

16.? 

8? 

17?- 

91 

184 

9i 

19? 

10 

20 

104 

211 

18 

8| 

n-i 


184 

9i 

19| 

101 

204 

104 

21 

11 

22 

19 

9 

18.1 

9? 

191 

10 

201 

10? 

214 

10? 

21} 

114 

23 

20 

9^ 

19 

10 

1 1 

20 

|io4 

j 

21 

11 

221 

in 

224 

12 

24 


Deodar, Chir or Kail 0' Centre to Centre. 


Teak, l^al or Kookar 18' ,, 

Shoeshain J 5-^' „ 


Mango 131' „ 


Ft. 

tils. 

Ins. 

sins. 

las. 

Ins. 

Ins. 

,lns. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

6 

3? 

7? 

1 4 

81 

41 

84 

44 

91 

44 

91 

4| 

9? 

7 

41 

8? 

44 

91 

4? 

9? 

5 

101 

r>i 

104 

54 

11 

8 

4? 

9? 

5 

101 

61 

10? 

5.^ 

111 

6? 

114 

6 

121 

9 

5l 

10.1 

64 

111 

5? 

11? 

6 

1 121 

1 61'. 124 

64 

131 

iO 

5? 

114 

6 

12 

6? 

12.? 

6t 

131 

6? 

! 134 

71 

144 

11 

6 

121 

64 

13 

6? 

134 

7 

141 

71 

! 144 

7? 

164 

12 

6.i 

13 

7 

14 

71 

144 

74 

15 i 

7? 154 

81 

164 

13 

7 

14 

71 

14| 

7? 

154 

8 

161 

81 

164 

8| 

174 

14 

n 

14? 

7? 

16i 

8 

161 

84 

171 

8? 

174 

91 

184 

15 

n 

154 

81 

164 

84 

171 

9 

181 

91 

184 

9? 

194 

16 

8 

161 

84 

171 

9 

18 

94 

19 

9? 

194 

101 

204 

17 

84 

17 

9 

18 

94 

19 

10 

20 

10 

201 

10? 

214 

18 

8? 

17| 

94 

19 

9? 

19? 

101 

20? 

104 

211 

Ill 

224 

19 

91 

184 

9? 

19? 

101 

204 

10? 

21? 

11 

22 

114 

231 

20 

94 

191 

101 

204 

104 

211 

Ill 

224 

114 

23 

12 

241 
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ROLI.ED STEEL BEAMS. 

Rolled Iron Beams are now things of the past, and hence tables are given 
for Rolled Steel Beams only, from wMch the size of beams can be determined at 
a glance, given the clear span and spacings^ or the spacing can be determined, 
given tile size of beam and clear span. 


Explanation of TabUs. 


1 . Clear span means clear width of the room or culvert from wall to 
wall. 


2, Safe load per running foot=load per S. ft. spacing in feet Centre to 
Centre 

There are five columns given for spacing, one for 


For 
Single 
storied 
buildings i 


HO lb—this is for very light roof ; 

100 lb—this is for ordinary fiat roof ctmsisting of beams^ kurreeSt 
bricks and tiles, terrace or mvd ; 

1251b—this is lor jack arching ; 

1501b—this is for double storied buildings ; 

2001 b—this is for bridges. 


yivU .—If a problem does not come within the meaning above given, for 
instance if the girder is used as a bressummei', or in pent roof or 
in any other place where less than 801b per 8. foot, is required or 
more than 200, divide the weight per running foot, by the weight per 
S. foot and you will get the spacitig. 


General Directions. 

For light loads, i.e., up to 100 lb., the depth of beam should be A inch per 
foot of the width of the room. For instance, for 16 foot minimum depth of 8" is 
required. 

For loads over 100 lb. and up to 150 lb. add one inch to the size above given, 
that is to say, for 16 ft. make the beam 9'^ deep. 

For loads over 160 Ib., add 2 inches, i. c., for 16 feet span make depth 10^ 

Having thus determined the depth, the necessary spacing should bo seen 
from the Tables, which is to be taken as the maximum spacing. 


Bearing. 

Ko beams should bear on the walls less than one foot, in rare cases it might 
be 9' but mmr less, give 15'^ bearing or even 18" if possible. 
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TABLE OF ROLLED STEEL BEAMS. 
Tabu of S'pa^iTigs for distributed loads. 



SfAGINGS (in F£ST) FOB 
Weight of roof (in lbs). 


80 100 

Ft. Ft. i Ft. I Ft 
0-25 

4*75 a-75! 3 00 2-50 
3-25 2-751 2-00 1-75 
2-50 2-00 

2-00 1-751 1*25 1-00 
1*50 1-25 
1-25 1*00 


0-75 

4*25 

3-25 


I Stagings (in feet) fob 


Weight of roof {in Ib-i ) 


6 
7 

lo 8 

9 


. 7 080 

JS 8 516 
’Z » 403 

o 10 336 
@ 11 270 
„ 12 224 
X 14 156 
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Table of spacin^s for distributed loads. —could. 


MM 



1 








I 





m 

Iff 

o 


on 

Spaoinqs (in feist) for 

• 

u 


to 

1 SpAGINGS (IN FEET) FOR 

M 








Si 


Cr 

P 





a 

.3 

• 

fl 

0 

Weight of roof {in lbs.). 

0 

c 

•rH 

B 

a 

v 

T) 

Weight of roof {in lbs.). 


Ok 

CO 

cfS 

0 







P- 

a 






§ 






P 

0 

OQ 

0 





1 

1 

o 

Clear 

(D 

s-i 

cS. 

uJ 

80 

100 

125 

150 

200 

4.> 

0 

OQ 

Cleai 

0 

c3 

OQ 

80 

100 

125 

160 

200 


Ft 

lbs. 

Ft. 

•Ft. 

Ft. 

Ft. 

Ft. 


Ft 

lbs. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 


9 

1276 

• * 

• * 

• • 

8*50 

6*25 


10 

1232 

• a 


9 *70 

8*25 

6*00 

« 

10 

1030 

• » 

.. 

8-25 

6-75 

5*00 

• 

12 

851 

a a 

8*50 

6*75 

5*50 

4*25 

.a 

11 

851 

• • 

8-;50 

6'75 

5-50 

4*25 

f 

13 

716 

9*00 

7*00 

5 *75 

4*75 

3*50 

o 

12 

716 

9-00 

7-00 

5'75 

4-75 

3 60 

00 

14 

619 

8*00 

6*50 

5*00 

4*25 

3*25 

(M 

13 

604 

7*50 

6-00 

4-75 

4*00 

3*00 


1.5 

560 

7*00 

5 *50 

4*50 

3*75 

2*75 

(§) 

14 

515 

6‘25 

5'(X) 

4*00 

3-25 

2*50 


16 

470 

5*75 

4*75 

3*75 

3*00 

2*25 


15 

448 

5-50 

4-50 

3-50 

3*00 



17 

425 

5*25 

1 4*25 

3 *25 

2*75 

2*00 

V 

iO 

403 

5-<Ki 

4-00 

3-25 

2*50 



18 

380 

4*75 

3*75 

3 *00 

2*50 

1*75 

CO 

17 

35 IS 

4‘25 

3-50 


2*25 



19 

306 

3*75 

3*00 

2*50 

2 *0<J 

1 -50 


18 

313 

3*75 

3'(X) 

2-50 

2*00 

hQR 


20 

281 

3-50 

2*75 

2*25 

1*75 

1*25 








nn 


22 

246 

3-00 

2*50 

2*00 

1*50 

1*25 









■ 

10 

1881 

a a 

a a 

a a 


9*25 


10 

1299 

• • 

a • 

• • 

8 50 


■ 

11 

1635 

a a 

a a 

a 

10-75 

8*00 

• 

U) 

11 

1075 

t • 

• • 

8-50 



H 

12 

1388 

a a 

a a 

ll-oo 

9*25 

6*75 


12 

896 

• a 

9-00 

7*00 

6*00 

4-.50 

£ 

13 

1164 

a • 

11*50 

9*25 

7*75 

r>*75 


13 

761 

• a 

7-50 

6'(H3 

5*00 

3*75 

00 

14 

1(K)8 

a a 

10*00 

8*00 

6*75 

5*00 


14 

672 

8-25 

6-75 

6-25 

4*50 

3*25 


15 

873 

10*75 

8*75 

7*00 

5*75 

4*25 

1.5 

582 

7-25 

5*75 

4-5(J 

3*75 

2*75 

16 

784 

9*75 

7*75 

6*25 

5*25 

3*75 

XO 

X 

IG 

492 

6-00 

4*75 

3-75 

3*25 


m 

18 

604 

7*50 

6*00 

4*75 

4*00 

3*00 

CO 

IB 

448 

5*50 

4-50 

3-50 

3*00 





6-00 

5*00 

4*00 

3*25 

2*50 


lE 

403 

5-00 

4-00 

3-25 

2*50 


■ 



6*25 

4*25 

3*25 

2-75 

2*00 


1 






n 

1 

24 

336 

4*25 

3*25 

2*50 


1-50 


10 

985 

• • 

9-75 

7-75 

6'50 

4*75 


12 

1702 

• a 

■■ 


11*25 

8*50 


11 

828 

• * 

8-25 

6-.50 

5*50 

4 00 


13 

1478 

a a 


11*75 

9*75 

7*25 

• 

CO 

12 


8-50 

7-00 

5-50 

4*50 

3*50 

• 

OD 


1321 

• a 

mu 

10*50 

8*75 

6*50 

.0 

13 

682 

7*25 

5-76 

4*50 

3-75 

2*75 

-D 



a a 


9*00 

7*50 

5*60 

CO 

14 

492 

6*00 

4-75 

3-75 

3*25 

2*50 

»o 

16 

963 

1200 

Krom 

7*75 

6*25 

4-75 


15 

448 

6-50 

4-50 

3-50 

3-00 

2*25 


18 

761 

9*50 


6*00 

5-00 

3-76 

16 


4*75 

3-75 

3-00 

2*50 

1*75 

( 5 ) 

19 

672 

8*26 

6*75 

5*25 

4*50 

3-26 


17 

336 

4-26 

3-25 

2-50 

2*25 

1*50 

ce 

20 

600 

7*50 

6*00 

4*75 

4*00 

3*00 

A 

|> 

18 

291 


2-75 

2*25 

1*75 

1*50 

X 

00 

21 

560 

7*00 

5*60 

4*25 

3-75 

2-76 


20 



2-50 

2-00 


1*25 

22 

492 

6*00 

4*75 

3*75 

3*25 



22 

201' 

2-501 

2*00 

1-50 

1 J5l 

1*00 










X 

i> 
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Table of spacings for distributed [oatfo.—contd. 



Spaoinqs (in feet) foe 


Weight of roof {in lbs.) 


Ft. 
7-oO 
0-25 
5-25 
•i-75 
4-yU 
3-50 
3-2.') 
3-UO 
2-50 


Ft. 

Ft. 

11-00 

9-00 

9-50 

7-75 

8-00 

0-25 

7-00 

5-75 

6-75 

5-25 

5*25 

4*25 

4*75 

3-75 

4-50 

3*50 

4-00 

3 *2o 

3-50 

2-75 

3-00 

2-50 

2-75 

2-00 


2-OU 

1*75 



Spacings (in feet) for 


Weight of roof (in lbs. 


4-00 
3o0 
3-25 
2-50 
2-50 
2-20 
2-UO 
1-75 
1 '5(1 
r2o 




3-70 3-U(. 


2-70 2-20 


117 89 


3-251 2 -501 ^ lUi 710 
>oi20l 649 


26 380 


10-00 

9-00 

7-75 

7-00 

0-50 

5*20 

4*50 

3*70 


5-00 
4 25 
3-50 
3*00 


Ft. 

5*50 

4-75 

4-25 

3-75 

3-25 

3*00 

2-50 


6*70 

6*00 

0*25 

4*75 

4*25 

3-50 

3*00 

2*50 


5*(i(t 
4*50 
3-75 
3*50 
3-25 
2-50 
2*25 
1 *75 


16 
U2 17 

a 18 


.. 12-25 10-25 7-75 ^ 

.. 11-25 9-25 7*00 [T 

12-50 JO-00 8*25 6-25 w 

11-25 9-00 7-60 5-75 (§) 

10*25 8-25 6-75 5*00 y. 

9*25 7-50 6-25 4*75 x 

8*50 6-75 5*50 4*25 o 

9-00 7-00 5-75 4*75 3*50 

8-25] 6-75 6*25 4*50 3*25 


•. 12-00 10-00 
.. 10-25 8-50 

1-50 9-25 7-75| 
12-75:10-25 9*25 6*75 
9-OC 7-25 6-00 
8-00 6*26 5*25 
7*25 5*76 4*75 
6*00 4-75 4-00 
5-00 4-00 3*26 
1-50/ 3-50 3-00 


i 7-50 
6-50 
5-75 
5-00 
4-50 
4-00 
3*50 
3-00 
2-50 
2-25 
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Table of Spacings for distributed loads —contd. 




3 


a 

OJi 

to 


P4 


•o 

eS 

O 


U 


QQ 




(§) 


CO 

X 

c 


09 

pQ 


O 

I'- 


(§) 


»o 

X 


JO 


N 

eo 


16 145C 
lbl270| 

17 U20 
ISilOO^ 

896 

806i 

672i 
560j 
470 
403! 
368| 
3131 


19 

20 
22 
24 
26 
28 
30 
32 


Spacings (in fbbt) foe 
Weight of roof {in lbs.) 


1 IH 





CO <D . 



/ 


|0 02 

80 

100 125 

i 

150 

200 

iFt lbs 

Ft. 

Ft. ' Ft. 

Ft. 

Ft. 

1 

1.5 168 


• • At 


8-25 

16 1478 

• 

.. 11*75 

9-75 

7-25 

17 1299 

• • 

.. 40*26 

8-50 

0-60 

1811164 

• • 

jli-5U, 9 25 

7-75 

5-76 

19 10.30 

12*75 

10*2^0 8*25 

6-75 


20 940 

11*75 

9-25 7 50 

6-25 

4 75 

|22 784 

9 75' 7-75, 6 25 

5-26 

3-76 

'24 672 

8 25 

6 75, 5-25 


3-25 

|26 56 ) 

7 001 5*50 4 25 

3-75 

2-76 

'isiOol 

* 

• • • « 

12-75 

9 50 

119 1635 

• 

■ • • • 

10-75 

8-00 

'20 152*1 


. 112-00 

10-00 

7-.yi 

22 i2.)4 

• • 

12 50 10-00 

8-26 

6-25 

24 10,52 

• • 

10-50 8-25 

7-00 

5-26 



9-00' 7-00 

6-00 

4-50 

28 784 

9*751 7 75 6*25 

5-25 

3-76 

101 672 

8*25 

6-75 5-25 

4-50 


12|5 82 

7*25 

5-751 4-50 

3-75 

2-76 

14 i 515 

6 -2.5 


3-25 









IMjyftHriUtTI 





KM 


Hffinlj 


[tigB 



Mn 


1^3 













yy f 

Qo 


[ 


Bflr 1 



BE' 


yy f 


' 1 

1 



PRfJ 


^E • 


■ Vfi 


IBS 





eo 

o 

CJ 


o 


rt '-d 
eS 


00 


a 

o 

CO 




o ^ 


£ ti 


Spacings (in fuet) for 


Weight of roof (in lbs .) 


80 


m 


Oi 

CO 


lO 

X 

<N 


Ft 

16 

16 

117 

20 

28 

30 


lbs 
172 
1546 
1314 
1187 
1052 
953 
8 
07:^ 
60 
4721 
41H 


12-00 

)o|10 001 


00 

pQ 




10|183() 
1613 
1434 
1299 
1105 
953 


!17 

18 

19 

20 i 


>0 

WM 


CO 

X 

<N 


24, 800] 
26 072 


,28 

'30 

32 

34 


•O 




16 

17 

18 

19 

20 


5821 

516 

4481 

403 


(g>i22 

’24 


CO 

X 

04 




26 

281 

30 

32 

34 


2172 

1926 

1724 

1646, 

13881 

1142 

963 

828 

694 

607 

6371 

4731 


Ft. 


Fi 


Ft, 


11*76 
10-60 
9-50 
8-00 
8’25, 6-751 


7-00 


5-76 


5-50 


5-50 
4-75 
4-.601 


12-25 
10-76 
9*50 
8-25 
7-.50 
6 25 
5-25 
4-25 
3-75 
3-50 


12*00 

10-00 

8-25 

7*25 

6-25 


5 50 


.5 00 


11-50 

9-50 

8-00 

6-75 

5-75 

5-(X) 

4-50 

4-00 


11-60| 
10-26 
9 251 
7-501 
6-25 
5 *251 
4-50 
4-00 
3-50 
3*25 


150 

1 200 

1 

IST 

1 Ft. 

11*50 

' 8-50 

10*26 

7-75 

9-0«i 

6-76 

7-75 

5-76 

7*00 

6*25 

6*25 

4-75 

5-25 

4-00 

4-50 

3-25 

3-75 

2-75 

3-00 

2-25 

3-00 

2'25 

12 26 

9-00 

10 75 

8-00 

9-50 

7-00 

8-50 

6-50 

7-76 

5-75 


6-251 

5-25 

4-50 

3-75 

3-25 

3-00 

2-50 


4-75 

4*00 

3-25 

2-76 

2-50 

2-25 

2*00 


2*00 

0*25 

8*50 

7-50 

6*75 

6*7.5' 


11*26 

9’50 

8*25 

7*00 

6*00 

5*25 

4*76 


12*25 

1100 

9*00 

7*50 

6*50 

5*50 

4-76 

4*26 

3-751 


ll*5()| 

10-25' 

9*26' 

7-60 

6-25 

6-50 

4-50 

4-OOi 

3-50 

3*00 


10*75 

9*50 

8*50 

7*75 

6*75 

5*76 

4-75 

4-00 

3-50 

3*00 

2*60 

2-25 


lO 

X 

(N 
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Tabu of ajpacinga for diatribuJUd loada. —contd. 


Spacikob (in fbxt) fob 


Weight of roof {in Iba.) 


Ft. Ft. Ft. 


a'251 7*00 


22 1161 


6-00 4-75 
5-00 4*00 


Spaoings (in feet) fob 


Weight of roof (in Iba.) 


160 200 


Ft. 

12-26 
11*26 
•• 12-26 10*26 7*76 
.* 11-26 9-26 7-00 
•• 10-26 8*60 6*60 
11*76 9-60 7*76 6*76 
11-00 8-761 7*26 6*60 
•26 4-76 
4*00 
3*60 
3-26 


8'50 
7*20 
6-26 
6*76 
4-75 


12-60 

11*25 

9-26 

7*76 

6-76 

6-60 

4*76 

4-00 

3*76 

3*26 


12-60 10*26 
11 26 9-26 


10*76 

9-26 

8-00 

7-00 


12*76 10-00 


9-60 
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Table of spacings for distributed loads .—contd 


o 

c 


1 f^PAClNQS (IN 

pent] 

FOB 


1 


1 Spacinqs (in 

FEETj 

FOB 

.a 

.9 

cd 

g 

•d 

O 43 

1 Weight 

of roof {in 

Iba.) 


1 

-d 

eS 

O 

I Weight of roof {in Iba .) 

S 

CQ 

hi 

0 

a> • 

SH U 

80 

B 

125 

150 



I 

© ^ 
• 

d tac 
CQ 

80 

100 

1 

125 

150 

200 


Fi 

lbs. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 


Ft 

lbs. 

Ft. 

Ft. 

1^. 

Ft. 

Ft 


24 

1993 

• • 

• » 

• • 

• • 

10-00 


28 

1904 

• • 

• • 

1 .. 

12-76 

j 9-60 

nf 

25 

1814 

• • 

• • 

• • 

12-01 

mm 


30 

1657 

t • 

* « 

• • 

11-00 

l8*25 

t- 

26 

28 

30 

■ 

• « 

• 

• • 

* • 

• 

12-00 

12-50 

10-00 

11 0. 
10-01 
8-25 

8-25 

7-60 

6-25 

rO 

OS 

CO 

32 

35 

38 


• • 

12-76 

jl2-00 

|l0-26 

11-60 

9-75 

8-26 

9*76 

8-00 

6-75 

7-26 

6-00 

5-00 

@ 

32 

ilPTil 

• * 

Linn 


7-50 



m 

91S 

11*25 

! 9-00 

7-25 

6-00 

4-60 


34 

985 

12‘26 

9-76 



4-75 

IT^ 

42 

851 

10-50 

i 8-50 

0-75 

6-50 

4-25 

X 

36 

873 


8-76 


6-75 

4-25 

X 

45 

739 

9-25 

7-25 

5-75 

4-76 

3-50 

00 

38 

784 

9-75 

7-75 

0-Z.5 

5-25 

3-76 


48 

649 

8-00 

6-50| 6-00 

4-25 

3 *26 


m 

716 

9-00 


6*75 

4-75 

3-50 


60 

582 

7-26 

5-751 4-50 

3-75 

2-75 


42 

649 

m 

6-50 


4-25 

3-26 


52 

537 

6-75 

6-25 

4-26 

3-50 

2-50 


25 

1680 

• ft 

• • 

• • 

11-00 

8-25 


35 

1612 


4 a 

a « 

10-75 

800 


26 

1568 

• • 

• • 

12-60 

10-25 

7-75 

• 

CQ 

40 

1232 

• • 


9-76 

8-25 

6-00 

• 

to 

28 

1344 

• * 

• • 

lu-76 


6-75 

.o 

42 


1 

• • I 

11-00 

9-00 

7-50 

6*60 

•iU 

m 

1164 

1 

• • 


9*25 

7-75, 

5-75 

o 

44 

lOOJI 

12-50i 

10-00 

8-00 

6-75 

5-00 

U3 

to 

i2 


12-76 


8-25 

6-75 

6-00 

o 

m 

918 

11-25 

9-00 

7-25 

6-00 

4-60 

m 

24 

896 

11-00 


7-00 




48 

851 

11-00 

8-60 

6-76 

5-W 

4-25 


26 

806 

lO'OO 

8-00 

0-26 

5-25 

iis 


50 

806 

10-00 

8-00 

6-25 

6-25 

4-00 

HW 

<o ' 

28 

716 

9-00 

wmi 

5-751 

4-751 

3-5C 

V ' 

52 

716 

9-00 

7-00 

5-75 

4-75 

3-50 

X ^ 

10 

649 

1^ 

6-50 


4-251 

3-25 

X 

54 

672 

8-25 

6-75 

5-25 

4-50 

3-25 


12 

m\ 

7*60 

6-00 

4-76 

wm 

3-00 


>6 

627 

7-75 

6-25 

5-00 

4-00 

3-00 

L 

14 

5371 

6-75 

5-25 

4'26 

3-50| 



58 

582 

7-25 

5-76 

4-50 

3-75 

2*75 



1 


( 

1 



1 

160 

.537 

6-7.5 

.5 -25 

4-25 

3-50 

2-50 


Under-Trussed Beams. 

See above; also see page ;}34 of 
maps for details. Breadth and depth 
of the upper piece may be determined 
fiom tables on pages 256 to 265, i. e., 
take 1, as span, and then oppcjsite 
this span and in the columns of the 
given central spacing are gitren the 
breadth and depth of the besam. Or 
in other words, in this truss, for the span L we take only the span 1. The 
stmt will have breadth and thickness, each equal to the breadth of upper jin^ce. 

The lower rod is generallv round and made of steel, which should not be 
made to bear more than 5 tons per square inch section; and the following 
table has been calculated accordingly. C 
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Vse of the tables .—Multiply the weight per square foot of roof by spacing of 
trusses trum centre to centre, la the oolumn ol this product and opposite spaa 
L IS given the diameter oi rod. 

Example .—Spacing from centre to centre is 8', weight per square toot ot root 
IS 125 lb. ; if the length of truss be 20' and depth 2\ find out the diameter of 
stool rod. 

Weight per foot run =125 X 8 =1,000. 

Depth=2'=f§=2i^, and span 20'. In the table below opposite to span 20 


and in the column ol 1,0001b. (last column in the table) is given S'33 as sectional 
area and If*' as diameter ol the rod. 

Table of Tie Rod required for Under-trussed BeamSt when Depth oj 

' 10 


truss ■■ 


Weight per foot run=weight distributed per square foot x spacing 

centre to centre. 



400 

tb. 

1 500 

lb. 

1 000 

lb. 

700’ lb. 

800 

lb. 

1 9001b. 

1 1,000 lb. 

8 

ai-i 

L area. 

S 

ej 

O 

tH 

a 

a 

T3 

1 area. | 

s 

e3 

O 

d 

E 

oS 

i 

d 

d 

ed 

o8 

<D 

(h 

dt 

diam. 

* 

a> 

d 


c 

cS 



09 

ed 

a 

OQ 

cd 

a 

■+-» 

09 

d 

g 

tf) 

CC 

d 


cd 

d 



o 

& 

o 

8 

o 

u 

o 

o 

_o 


o 


.2 

OJ 

ea 

P. 

8 

cd 

O 

c3 

o 

a 

Q 

rt 

c 

• 4 ^ 

8 

cd 

O 

- 4 -* 

O 

O 

o 

8 


O 


W 

cc 

s^; 

yj 


yj 

fe? 

UJ 


02 


a.' 


y2 

Sq 

Ft. 

3. in 

Ta 

3. in. 

In. 

s. in 

In. 

ti. m. 


s. in. 

In. 

s. in. 

.In 

s. in. 

In. 

lU 

•74 

1 

•93 

H 

ri2 

li 

1 -30 

It"o 

1 -49 

If 

^1-G8 

H 

i 86 


17 

•79 

1 

•99 

H 

1-18 

H 

1-38 

If 

1 -57 

1-,' 

M -78 

l-A- 

1-98 

If 

IS 

•84 

IfV 

1-06 

1 /(S 

1-20 

1 r'.,- 

1-40 

If 

1-G8 

lA 

;l 89 


2-10 


19 

•89 


1-10 

1-iV 

1-33 

1 

1-55 

IVi, 

1 -77 

1 

1 -99 

If 

2-22 

lU 

20 

■93 

H 

ri7 

U 


If 

103 

n 

1-8G 

It':. 


l\x 

2-33 

n- 

21 

•98 

H 

1-22 



liHUril 


1 -96 

If 


lli 

2-46 

Mf 

22 

1-02 


1-28 

h\ 

1 -.54 

1 To 

1 -79 

1 A 

2-05 

u 

2-30 

If 

2-6G 

MS 

23 

1*07 

1 

1 -34 

lA 

l-Ol 

1 1 
il” 

1 S7 

1 

* i b 

If 

2-14 


2-41 

115 

2-68 

u 

24 

1*12 

l| 

1-40 

If 

1-G8 

1 -9(5 


If 

2 *51 

11” 

* 1 tt 

2'80 

Mf 

25 

1-17 

n 

1-46 

n 

1 74 

11 

2-04 

lA 

2-33 


2-02 

H 

2-91 

I Trt 
* lo 

20 

1-21 

n 

rr>i 


1 -82 

lA, 

2 12 

1 

2-42 

1 1 a 
^ 1 n 

2-73 

H 


o 

27 

1 -20 

111, 

1 -56 


1-89 

1* 

2-20 

I’ll'. 


111* 

2 *83 

M’ 

3*15 


28 

, 1-30 


1-()3U 

roG 

If 

2-28 

u 

2-Gl 

IS 

2 -94 


3 -20 

>•> 1 
“"I ff 

29 

1-35 


1-U9U 

2-02 

If 

2-37 

1 ^ 

2-70 

li 

3 -04 

2 

3-38 


30 

1 -40 


l-74|l| 

2*10 

1 1 l 
* 1 h 

2-45 

A In 

2-79 


3-14 

2 

3 -50 



N OTB.— Sectional area is calculated for steel at 5 t ons per square inch, tension; 
in ease of iron wbor^' 4 tons nnlv is allovijpd, take I ol the area given above, and 
find the corresponding diameter. 
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Vable of Tie Rod required for Under-trussed Beams, when Dej^Ti of truss = 


apan 

la 



Weight per loot run 

=weight distributed per square toot X spacing 
centre to centre. 

400 lb. 

500 lb. 

OOOlb. 

7001b 

8001b 

9001b 

1,0001b. 


' U 

68 

«8 


d 

C8 

g 

W 

6-4 

CCS 

d 

ed 

i 

u 

! 68 

d 

»<nt 

bN 

eS 

d 

eS 

i 

d 

ed 

e9 

s 

cd 

d 

««»* 

— 







T3 


tJ 





_c 

e8 

a 

CC 

C9 

c 

CO 

cd 


cS 

a 

43 

CQ 

fid 

0 

43 

ed 

fl 

"w 

S 

43 

ua 


o 

o 

o 

c 

o 

o 

c 

o 

o 

e> 

o 

p 

o 

o 

a 

P- 


ci 

o 

-4—' 

€0 

.3 

£ 




S 

0) 

Q 

o 


3 

8 

X' 


OOt 

■J1 

5^ 

■X' 



2: 

VJ 


02 


X 



Ft. 

3, in. 

In. 

s. in. 

In. 

^s. in. 

In. 

! 

s. in. 

In 

S 111. 

In. 

s. in. 

In 

s. in. 

In, 

16 

•89 

l-i- 
* 1 fi 

Ill 

If. 

1 -34 

Ifo 

1-50 

If? 

1-78 


2-01 

n 

O ->0 

Hi 

17 

•94 

H 

1-18 

14 

1 42 

n 

1-66 

H 

1-90 

Ife, 

2 13 

Hi 


H 

18 

1-00 

n 

l-2o 

1 A 

* Tfi 

1 -50 

1 ^ 

1-75 

u 

2 01 

If 

2-26 

H 

2-50 

i 

• 1 0 

19 

l-OG 


1 -32 

ItV 

1 -59 

1 fs 

l-8li 

Ifo 

2-12 

HH 

2 38 

n 

2 05 


20 

111 

1 

1-39 

u 

1-67 

H 

1-95 

If 

2 •23 

Hi 

2-50 

Hi 

2*79 

Hf 

21 

ri7 

H 

1-46 

ll 

1-75 

H 

2-05 

H 

2-35 

1! 

2-63 

H 

2 93 


22 

1-22 

14 

1 -5.3 

IfiT 

1-84 

' '\6 

2 14 

Hi 

2-46 

1 1.3 
^ Hi 

2-76 

H 

3-07 

2 

23 

1-28 

‘ 1 6 

TOO 

IfV 

14 

1 -92 

If? 

2*24 

*■ 1 


1 ^ 

*• 1 n 

2-89 

I ^ 
*^10 

3 21 

9 V, 

- 1 tf 

24 

1-34 

1,’. 

1-07 

2 01 

l| 

2-34 

H 

2-67 

1| 

3-01 

■> 

3-:>5 

1 

-a 

25 

1-39 

n 

1 74 

U 

2-09 

I li 
* 1 1? 

2;44 

‘ 1. 

2-78 

I4f 

314 

0 

3 48 

■> i 

26 

1*45 

n 

1-81 

i 0 

^ i.. 

2 17 

Hi 

2-54 

Hi 

m 

Hi 

3-26 

•1 1 
•“ 1 0 

3 02 

> S 

27 

1 -50 

11’o 

1-88 

lf.T 

2-26 

H 

2-63 

H 

i| 

3 01 

2 

3-38 

24 

3-70 

•> s 
-To 

28 

1-56 


1-95 

n 

2-34 

H 

2-73 

3 12 

2 

3-51 

•)J. 

-8 

3 -OC 

•H 

29 

1 62 

Wc 

•J02 

ii 

2-42 

I'H 

2-83 

1 i 

3 -23 

2* 

3-03 

•> a 
• 1 0 

4-04 

- I u 

30 

ro7 

14 

2-10 

Hi 


H4 

2-93 

Hf 

3*34 

2* 

3-76 

2t''- 

“ I *j 

4 18 

-> 5 


Note,—S fcctional area is calculated for ‘^teel at 5 tons per square inch, ten¬ 
sion in case ol iron whore t tons only is allowed, take 4 oi the area given above* 
and iind the corresponding diarnetet t 












































276 


Table of Tie Rod required for tJnd^r-truaaed SeamSt when Ihplh of trues 


^pan- 

"14 


Ft. 

Ki 

17 

18 

2v 


21 

2-2 

2 :; 

24 

26 

2() 

27 

28 

29 

30 


Weight per loot runweight disthbutod per square toot Xspacing 

centre to oontie. 


4001b. 


I r 

oOOlb 3 6001b. 7001b. I 8001b 


9001b «i.000lb. 


13 


cd 


'o ^ - 


es 

0) 

^ 3 i 


s 

cd 


O 

•43 


S 

a 

ea 


u 

a 

I 

8 


cd 

^3 

CJ 

tl 

ij 


o 

Ih 

cd 

"S 

0 

O 

- 4 ^ 

72 


e 

«8 

•n 


0 


“ i' I 

C H o 


t- 

£ 


f 2 

I 

f S 

yj 


e 

rB II 

'Z 11 

^ \ P 
£ I. £ 

i 


ci 


c 

c 

k. 


a 

ei 


tA 

O 

bm 

o 


4. 


.s. in. 'll) iii,i la. fs. in. la hi. in, hi ,s, la In 


I *02 
I *09 
1 1.7 
..lo 

•28 

I 

■34 , 
•41 ' 
■47: 
•r>4 
•GO ; 
I 

•66 ; 
•73 i' 
79 ■ 
■86 
•92 


: It'., 1-28; 1-54 

I-30' 1-63 

1-44 If 1-73 
1-52 11^1-82 
r(U) 1,’, 1*91 


I 

11. 

lA 

It 

I *' 

• 1 o 


1-79 1 ,«V! 


1 


\<s 


J-G7| 2-01 

1 -75! li 2*10 
1 83 iJ't; 2*20 
l-Oli IA *30 
1-99 2-391 

•07 l| 2*49| 
•15 ll.t|2-o8 
•23 ' 2 -68;' 
•31 2-78j 

i;H;|2-39, I ,‘ 2-871 


1| 
Mi 

1 ^ 

lvt,S2-23 IliS2-55 lii;f 


1 -90 
2-01 
■2 12 


H , 
IMI 


2-04 

217 

2-30 

2-42 


W\. 

n 

1 t'iT 

l.A 

It 

If 

ir 


i;: 

M , 

MiS 

i-i 

9 


9 


2 -34 
2-40 
2 •:>7 
2-68 
2 *79 

2 -Oo! 

3 •02j 
3 I3i 
3'24 
3*35 


nt 

lA 

ili 


.1 <5 
‘ i 0 


•) I 
“To 

2i 


2 - 68 , 

2 -81' 

2 -Oi' 
3t)G 

3 -19 

I 

-32 
:'j '46 
.1 -68 
3-70: 


s. in. 


la b. la' la 


2-28 
2-42 
2-o7 
2 71' 
2-86 


1| 

Mi! 

iW 

1.^ 

M.] 


I ’ 

* s 

1 1 ft 
‘ 1 I-U 


00 
.•J -14 
3-28 
3-42 
2,\.l3-67 


• > 

Jim 

•) 1 
- 1 h 

^rci 


2 -or) 

2-71 

2*80 M? 
.3*02 

i 

f3 -34? 

S.5 -oOl 
.3 -GO 
i -82 


-<!S 


- I’d 

- 1 

-'i 


-A 

- K. 

•) a 
“ir. 


3-831 21 


3-70 

3-85 

3- 99 
414 

4- 28! 


■’ .1 
•• 1 0 

2-1 
*> "> 
•• i h' 

2^ 


5 

*1 3 


H -14. . 

4 'GOj 2 
4 4G* 2,-. 
4-G2j 2-,v 
14-78^ 2 } 




Note.—S ectional area is calculated for steel at 5 tons per square inch 
tonnon . in case ot iron where 4 tons only is allowed, take -4 of the area'’givett 
above, and find the corresponding diameter. 

I 
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TahU of Tie Rod re/}uired for Under-trussed Beams, when Depth of trvs^t 


span 

I rt . 



Note.—S ectional area is calculated for steel at 5 tons per square mcli 
tension; in case of iron where 4 tons only is ailovvodi take 4 of the area given 
above, and find the corresponding chan:^lcr. 
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TIIUSSED BEAMS. 

When the span oxcoocls 22', it is usual and necessary to .slrongtheii the beams 
by trussing. 

Let W="dis.trihuted weight. 

E —-span of tru.ss. 

l=distanco of tie or strut from nearest jioint of sujijiort. 

1)=depth of the truss. 

A=anglo of inclined portion uith horizonlnl. 
iS=straiu on centre of horizontal part of top and bottom. 
s=strain on inelined portion. 

w—Load concentrated over each vertical for single truss. 



ExAMPLF.— Beain :50' long and the strut d' long in the middle. Calculate the 
iizes of deodar boain,'. placed apart from e to C and that of tio rod to bo used in 
iiaking it. 

Veight of root covering=100 lbs, per s |. f > '. 

\V=.‘50 X 5 X 100 = 15000 lbs. 

L=:50' ; D=4' 

WL 1.5000 X. 30 u 

= 140b3 lbs. 


2 X 14063 
700“ ' 


S 

8 1) 8X4 

Unsupported length of beam =15' 

Take 700 lbs. per sq. loot, a.s safe crushing. 

♦Strain of Deodar. .Sectional area of beam = 

Assume b= 5 d 
§<i‘^=40 d=7'75 

6 =0-10 
Use 5" X 8" beam. 

5" X 5" strut. 

\/BM-(2D ) ® i4063 y' 900 +04 
— I — = ■35 

=15000 lbs. sq. inch. 

Safe tensile stress of wrought iron = 4^ons per sq. inch. 

1 


=40 .sq. inches. 
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Area required = =167 aq. inches. 

Use U" bar when, sectional area=1*67 sq, inches. 

Flitched Beams :— 

It is a compound beam, *. e., timber reinforced with steel and the whole 
acts as one piece. The plate is always placed symotrically with the beam, some¬ 
times channel iron is used 
Let 

d^ = depth of iron plate. 



Then d^ = 
Suppose f 



Then d. = 


depth of timber. 

safe stress of steel in lbs. per sq. inch, 
safe stress of timber in lbs. per sq. inch. 
Elastic modulus of timber 
Do. do. steel. 



: : : 10 ; 1 . 

: : : 20 : 1 . 


10 

20 


<l) 


■( 2 ) 


Or depth of iron platedepth of joist 

Also Moment of Resistance of Combination. = .',uni of the moments of resistance 
of compound parts. 

Example .—^A flitched beam oonsists of 2, 12''X4" timber joists with one 
S^X J steel flitched plate, placed symmetrically between them The whole being 
rigi^y bolted together and freely supported on a 20 ft. span. If the stress in the 
timber does not exceed 1000 tbs. per sq. inch, and the stretch modulii 20 , 
calculate (o). The Max uniformly distributed load the beam will carry. 

{&) The Max. stress sot up in the steel when the beam is carrying the load. 

From equation (1) fj = ^ j^X 100x20 _ 13333 ibs. persq. inch. 


M. R of steel = f .* = 13333 x = 106664 in lbs. 

1 6 

M. R. of timber=2 f^z = 2 X1000 X = 192000 in lbs. 

M. R., .. .( Total = 298664 in lbs. 
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M. R. =Beiiding moment. 

■R ^ _ WL2 __Wx20 x20X 12 
8 '8 
.-.298664 = X20 XI2 

8 

Total loa<i=:20 X498=9960 lbs. and W=498 lbs. per ft. 
Flitehed Beam, 2nd method :— 

Let 

L=span in ft. 

b=breadth of beam in inches. 
bg=breadth of steel plates. 

d=depth of beam in inches. 

W ==total load. 


M. R. of combination=bd^ 

6 

_bd2 

6 


+ 

f + 


b^d^f 

6 

B 


s 

X20f. 


run. 


d2 

6 


f (b+20b^)-( ) 


Alsu Bending moment =moment of Resistance. 

_ Weight to be taken for Calmlation in Trussed Boofs. 

I Load in Lbs. peb Sq. Fi\ 


Description of Roof 
covering. 



2'russes 

Rajkr 

f’urlins. 

1 Total 
j Dead 

1 Load. 

T<^al 

Dead 

Load. 

Wind 

Load, 

Total load 
for 

design. 

« 

ca 

• rH 

<0 

t>_ 

S 

o 

Vertical. 

Vertical. 

Normal. 

1 

Normal. 

j 

1 

Nortiial for 
Roof oover- 
'ing vertical 
for trusses. 

-Oenugated iron or 
Nani Tal pattern 

3 

3 

2 

i 5 

5 

1 

17 1 

22 

Single Mangalore 
Tiles or Slutrs .. 


9 

3 

.3 

12 

14 

26 

Single Country Tiles 

14 

13 

4 { 

i 1® 

16 

13 

19 

Single Smith Tiles 

14 

13 

4 ! 

! 18 

16 

IS 1 

29 

SiALKOT Pattern 
S ingle Allah bad 

Tiles 

17 

1 16 

4 

2 X ; 

19 

! 

1 

12 

30 

Double Country 

Tiles 

24 

22 

6 

29 ) 

26 

11 

32 

Double Smith Tile- 

29 

26 

6 

35 

31 

10 j 

41 

Double Allahbid 
Tiles 

34 

31 

6 i 


38 

10 ! 

40 
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Dimensions of battens, C(jm- 
nionrafteis, and pur ms can be 
calculated according to the table 
of karies given on pages 248-255 
i.e., take them as karies or beams. 
Take the weight as in the above 
table. 

Now to consider each piece of 
the truss. 

Hoofs have either a slope of 
1 in 1 i.e., AC==BC (an angle of 
45^'); or 1 in 2 - 

i. e.,AC=^(angIeof26* -35'). 



The above table gives weights for each of these slopes. 

Principal Rafter .—If the truss is made 
of wood, calculatfi Principal Kafter from 

tables on pages 25t)-265 of beams, taking AE as span. But in that table, the 
ratio of breadth to depth has boon assumed oc[ual to Avhoreas in trusse-s, it is 
gener illy taken equal to t. 'Pherefore on pages 28 .‘l -284 are given fresh tables for 
tho same. Oil jiagos 285 287 are tables suiting a special kind of roof. If, on 
the other hand, the truss is made of iron, the necessary dimensions of T or angle 
iron required may be calculated according to the table given on pages 113-115. 

2’ie Beamfi .—In a wooden truss, it is generally of the same scantlings, as the 
Principal Kaitor. If the Tie Beam is of iron, or steel, find its diameter from 
table on pages 281-282 which is for round steel and is calculated at 5 tons 
per square inch. For 4 tons per square inch, divide the strain given by 4 X2240 
or 8900 lb. The result is tho area of section of rod ; from which calculate dia¬ 
meter of tho rod, as in table on page 56. 

Strut .—If of wood, to be of tho same scantlings, as the breadth of tho Prin¬ 
cipal Rafter ; for instance, if tho Principal Rafter is tho strut would be 

4'"X4". 


J 


King-post .—If of wood, to bo equal to strut ; but tho head and foot to be 
wider for joiixtiug. 

The following table will bo found useful in calculating tho weight of roof :— 
_ Average Weights of Building Materials. 


Material. 

' 

Weight per 

c. ft, 

. . ... .. .. 

Material. 

1 Weight per 


lb. 


1 

Brickwork in lime mortar 

110-120 

Tiles, single country 

12 ^ 



,, double ,, 

., 24 



„ Mangloro 

9-10 

Earth 

85-90 

Floor dwoHing'houso 

12-20 

Concrete 

120—150 

,, Public rooms 

26-30 

Masonry Lime Stone 

130—150 

„ Ware-house 

.. 50—70 

„ Granite 

144—170 

Crowd of persons 

84 

Teak Wood 

52 

i 

Sal 

62 ^ 


1 

1 

Chir „ 

40 < 


1 

1 
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05 
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Vi 
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a 

* v'lM 

fed 



! 
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V 
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<N 

CO CO ^ ^ 
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f-4i««^9iC9Mie9Htc3H 



Tf^ >0 10 0 »0 >0 <0 >0 10 >0 IfO 
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<M 

CO CO CO i-iT|iH'#r-HiHW'^<NH«m!»l<oMi Tt' rf i-W 



cocoeocococococo 






-f «*< ’f » 0 ) If? >0 »0 0 ifs »(? 10 


V. 
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(M 
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01 CO CO CO CO CO CO CO CO CO CO. 
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N 

0 
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•4^ 
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Q 

Pm 


_ - - - . _ - - . _ - . . - - 

c; 
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• iH 
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xxxxxxxxxxxxxxxxx 

<A 
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— 
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V 
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T*1 
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«!•!(• CO CO CO CO CO CO 
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rq-r 'Ht •-W' 'K'f Hn p<|m -<;n f-in Hn 
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<M (M (M oq Ol oq 01 (M O'! Ol (M 01 oq (M <N 01 

2 tic 

• 

0 
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a,.5 

m 

• 
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^ ft 


oi 
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For Deodar multiply i rea of Section in above table by 
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o 
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d 

ed 

pu 
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(M 
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■M 
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xxxxxxxxxxxxxxxxx 

CO CC CO 

OI 0-1 (M Cl 01 (N (M 01 <M «N Ol CO f' 


cococoeococococorococofOTl‘TtH't'«tiTj< 

xxxxxxxxxxxxxxxxx 
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xxxxxxxxxxxxxxxxx 
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Cl CO CO CO CO CO CO CO TO CO CO CO CO CO CO CO CO 

xxxxxxxxxxxxxxxxx 

01 Cl Cl 

Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl 
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Cl Cl Cl CO CO CO CO CO CO CO CO CO TO CO CO CO 

xxxxxxxxxxxxxxxxx 
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—I Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl 


r-.'-# n;-(i «!•# n,it «N* 

01 Cl Cl 01 Cl C“ CO CO CO CO CO CO CO CO CO CO CO 

xxxxxxxxxxxxxxxxx 
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Cl 01 Cl Cl Cl Cl 01 CO CO CO CO CO CO CO CO CO CO 

xxxxxxxxxxxxxxxxx 
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xxxxxxxxxxxxxxxxx 
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For Deodar multiply area of Section in the above table by 1 *72. 
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King-post, see pages 288 and 289, 
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Strap and Bolt at Foot of Principal Bafters D<mble Allahabad Tiling. 
Kiri}'-post trusses of all kinds of timber. 


Frussea 




Clear internal span. 




c. to e. 

JO' 

12' 

14' 

IP' 

IS' 

20' 

L2' 

24' 

26' 

Ft. 

in. 

in. 

in. 



in. 

in. 

in. 

in. 

in. 

4 

0 

nxk 

T 1 

Ilx} 

Uxl 

1 

Ulxi 

! 1 

lixl 

1 

11x1 

1 

11x1 

11 

Uxi 

11 

Uxl 

U 

4 


do. 

do. 

do. 

do. 

do. 

11x1 

>1 

do. 

1 

do. 

uxl 

u 

4 

6 

do. 

i 

U-xi 

1 

do. 

do. 

do. 

do. 

, do. 

lixl 

U 

do. 

4 

9 

do. 

do. 

do. 

do. 

ilxi 

1 A 

do. 

do. ] 

do. 

do. 

5 

0 

do. 

1 do. 

do. 

ilx i 

' 8 

do. 

do. 

Uxi 

u 

do. 

do. 

5 

3 

1 1 

do. 

, 

do. 

do. 

do. 

11x1 

H 

1 do. 

1 

1 

do. 

lixf 

If 

5 

d 

do. 

do. i 

1 

do. 

1 

do. 

do. 

do. 

j do. 

Uxf 

U 

do. 

5 

9 

do. 

do. I 

1 

do. 

1 

1 

do. 

1 

lixl 

“li 

do. 

! do. 

' 1 

; 1 

Uxf 

If 

do. 

6 

0 

do. 

i 

i do. ] 

i 1 

Uxi 

H 

do. 

do. 

do. 

Uxi| 

U 

do. 

do, 

1 

6 

3 

do. i 

i do. 1 

do. 

do. 

do. 

do. 

1 

1 

lixl 

i 

do. 

i 

[Uxf 

U 

6 

6 

do. 

do. i 

1 1 

do. 

Uxl 

do. 

Ux| 

11 

do. 

Uxf 

U 

do. 

1 

6 

9 

do. 1 

1 Uxli 

ilo. 

do. 

do. 

Hx-i 

n 

do. 

1 

do. 

Uxf 

If 

7 

0 

do. j 

1 do. ! 

1 ! 

do. 

' ! 

1 

do. 

do. 

lixl 

11 

do. 

do. 

7 

3 

do. 1 

1 

do. y.x\ 

! 11 

do. 

lix|- 

U 

do. 

do. 

do. 

uxf 

u 

7 

f> 

do. j 

do. 

do. 

do. 

u 

do. 

Hx| 

U 

do. 

do. 

do. 

do. 

7 

9 

1 

do. i 

1 

1 

do. j 

do. 

Uxf 

U 

do. 

Uxf 

U 

do. 


0 

do. 

do. ! 

do. 

do. 

do. 

do. 

do. 1 

do. 

do. 


Note. —The dimensions of each limb of the strap are given above, and the 
diameter of the bolt below, in each case. The straps at the King-post head and 
foot may be the same as those shown in the Table, and the bolts for these straps 
may be ^ inch less than tho e shown in the Table ; no bolt, however, being less 
than J inch diameter. 
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Strap and Bolt a</oof of Principal Rafters Single AUdhahad Tiling, 
' King-post trusses of all kinds of timber. 


Clear internal span. 


c. to c. 

10' 

12' 

14' 

16' 

18' 

20' 


24' 

26' 

Ft. 

in. 

in. 

in. 

mm 

■■ 

mm 

in. 

in. 

in. 

in. 

4 

0 

lixj 

i 

ixi 

I 

lixi 

i 

lixi 

i 

lixi 

1 

lixi 

1 

lixi 

1 

ijxi 

1 

lixi 

1 

4 

3 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

lixi 

li 

4 

6 

do. 

do. 

do. 

lixi 

1 

do. 

do. 

do. 

do. 

do. 


9 

do. 

do. 

lixi 

1 

i 

do. 

do. 

do. 

do. 

lixi 

li 

do. 

o 

0 

do. 

do. 

«lo. 

do. 

do. 

do. 

lixi 

li 

do. 

do. 

r, 

3 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

lixi 

li 

do. 

ii 

0 

do. 

do. 

do. 

do. 

do. 

lixi 

li 

do. 

do. 

5 

9 

do. 

lixi j 
1 ! 

do. 

do. 

do. 

do. 

do. 

lixi 

li 

do. 

(j 

0 

do. 

do. 

do. 

1 

do. 

lixi 

li 

do. 

do. 

do. 

do. 

() 

3 

do. 

do. 

do. 

do. 

do. 

do. 

lixi 

li 

do. 

do. 

C 

6 

do. 

do. 

do. 

do. 

1 

do. 

do. 

do. 

do. 

1 i x| 

•i 

6 

9 

lixjr 

1 

do. 

do. 

lixi 

li 

do 

lixi 

li 

do. 

do. 

Ux} 

li 

7 

0 

do. 

do 

do. 

do. 

do. 

do. 

do. 

lixf 

li 

do. 

7 

3 

do. 

do. 

do. 

do. 

do. 

do. 

i 

do. 

lixi 

11 

do. 

7 

6 

do. 

do. 

do. 

do. 

lixi 

li 

do. 

do. 

do. 

do. 

7 

9 

do. 

do. 

lixi 

li 

do. 

do. 

do. 

lixi 

li 

do. 

lixf 

li 

S 

0 

do. 

do. 

do. 

do. 

do. 

do. 

lixi 

If 

do 

do. 


Notr. —The dimensions of each limb of the strap are given above, and the 
diameter of the bolt below, in each case. The straps at the King-post head and 
foot may be the same as those shown in the Table, and tlie bolts f w these straps 
may bo I inch less than those shown in the Table, no bolt however, being loss than 
j Q ^-inoh diameter. 
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Average Weight of Roof and Side Ooverings for 1/KX) sq. ft. and minimanv 
slopes for laying. 


Lead (5 to 8 lbs.) 

Cwt. 

. .4| to 7J 

Minimum 

4® 

Copper (*022'^ thick) 

.. 1 

4* 

Zinc (13 to 16 G) 

..Hto If 

4® 

Corrugated Sheets (22 to 28 Gj 

. .]| to 3^ 

10® 

Slates 

..6Jto9 

21® 

Tiles 

.. 9 to 15 

26|® 

Boarding 

3 

• • 

Asphalt felt 

• • i 

15® 


slope. 


Trigtiometrical Functions for Roof Sljpes, 


Slope. 

Angle. 

Sine. 

Co-sine 

Tangent. 

Cot. 

Secant. 

Co-secant 

Ratio of 
Rise to 
Span. 

itol 

63-30 

*89 

•44 


•49 

2-24 

Ml 

1 

Stol 

66*20 

*83 

*55 

1*50 

*66 

1*80 

I 1-20 

f 

2 to 1 

63*00 

•79 

•60 

1*32 

•75 

1-66 

1 1*26 

§ 

lin 1 

46-00 

*71 

■71 



1*41 

1*41 

h 

2 in 3 

33*41 

•66 

*83 

*67| 

1 1 

1-50 


1-80 


3 in 6 

Z0 5h 

•62 

•86 


1*67 

1*17 

1*94 


lin2 

26*34 

1 

1 

*46 

•89 



1*12 

2-24 

i 

2 in 6 

21-48 

*37 

*93 




2*09 

i 

lin 3 

18-26 

•32 

* .,'3 

•33 

i 

1 


1*06 

3*16 

i 
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Tabu thowing dimensions of sal or leak king-post trusses for common tiled roof 
10^ e toe to bear weight of 6011b per sq. foot* slope 2 to 1. 


Span ft. 

Principal Rafter 

Tie Beam. 

King-post. 

Struts. 

Span 

ft. 

16 

4ix3 

61x3 

3 X3 

3 X3 

16 

17 

6 X3 

51x3 

31x3 

31X3 

17 

18 

6 X3 

61x3 

31X3 

31X3 

18 

19 

6lx3i 

61x31 

31x31 

31X31 

19 

20 

6ix3i 

61X31 

31x31 

31X31 

20 

21 

6fx3i 

1 61X31 

31x31 

31x31 

21 

22 

6 X3i 

71X31 

31X31 

31x31 

22 

23 

61X4 

71x4 

4 X4 

4 X4 

23 

24 

61X41 

71X41 

4 X41 

4 X41 

24 

25 

61x41 

8 X41 

41X41 

41X41 

26 

26 

6|X41 

81x41 

41X41 

41X41 

1 26 

27 

7 X41 

81X41 

41X41 

41X41 

27 

28 

71x41 

9 X41 

41X41 

41X41 

28 

29 

71X44 

9 X41 

41X41 

41X41 

29 

go 

71X4| 

9 X41 

41 X4l 

41X41 

30 


Note —For deodar multiply above section by 1*72. 


Table showing dimensions of sal or teak queen-post trusses for common tiled roof 
10' c to c to hear weight of 60lb per sq. foot* Rise 


1 

43 

S 

Principal 

Rafter. 

Tie Beam. 

Struts. 

i 

Quoon'posts. 

Straining Beam. 

32 

1 

63x6 

7 X31 

6 X3i 

31x31 

41x31 

34 

7 X6 

71x4 

6 X4 

4 X31 

41x4 

36 

71X5 

71X4 

6 X4 

4 X3| 

4ix4 

38 

71X6 

8 X4 

6 X4 

4 X4 

4*X4 

40 

nxsi 

81X41 

61X4 

4 X4 

! 41X4 

42 

7|X51 

81X41 

61X41 

41X4 

5 X41 

44 

71X51 

9 X41 

61X41 

4ix4i 

6 X41 

46 

8 X6 

91X41 

6 X41 

41X41 

61X41 


For deodar multiply above section |y 1*72. 
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IRON ROOF TRITSSES. 



Sj. 

WIND 0 



Rise of Rafter ■ |th Span. 
„ Main Tie > 1 in 15. 



Rise ot R iftej => ^rd S ^ an 
„ Main Tie » 1 in 12. 


Stress Coefficients. 

Dead Load. |Wiad Pressure 




a 



^ d 
g c 




■* 



tL'C 


r« 


o -g 

O 



A—D 

•65 


•45 


•559 

B—E 

•65 


•70 


!-5.59| 

C—D 


•68 


‘49 

601 

C—E 


58 


•49 

•6(JI 

D—E 


08 


07 

1-2171 


Stress Coefficients. 

Lead Load. Wind Pressure 




d 


d 



^ d 

S .5 

• ^ 

'fl 

c 

a o 

c 

to 

0 



O OT 

c 

o 'S 




o 

H 

o 



A—D 

•52 


•25 


•601 

B—E 

•62 


•58 


•601 

-D 


•43 


•29 

•602 

C—E 


•43 


•29 

•502 

D—E 


•07 


•('6 

•29i: 




a 


A—F 
D—J 
B—G 
-h. 
P—G 
H—J 
E—F 
E-^J 
G—H 


Stress Coefficient. 

Dead Load. [Wind Pressure 


Compi 

sion. 

Eh 

Comp 

sion. 


Length C 
cient. 

•97 


1-06 


•28C 

•97 


•70 


•280 

•64 


•57 


•280 

•64 


•70 


•280 

•31 


•69 


•266 

•31 


•00 


•266 


•87 


1-13 

•501 


•87 


*48 

•501 


•33 


•34 

217 


Stress Coeflicients. 


Dead Load. 

Wind 

Pressur< 

<0 





Length Co< 
lent 



So 


•77 


•70 


'BOO 

•77 


•58 


•300 

•51 


•42 


•300 

•51 


•58 


•300 

•24 


■58 


•28( 

•24 


•00 


•28C 


•65 


•80 

•602 


■65 


•29 

•602 


•32 


•35 

•292 


d.-H 



2d3 







B-J 
K—0 
C—L 
D~M 
H—J 
0—P 
K—L 
M—N 
G—H 
G—P 
G—K 
G—N 

T Tr 


K—0 
L—M 


length Coefficient 
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“ I 

Wind 



Wir\cl 



Rise of Rafter =ith Span. 
„ Main Tie=l in lo. 


Rise of Rafter — ^rd Span. 
f, Main Tie=i in ]2. 


Stress Coofllcient. 


Stress Coefficient. 


Dead Load. 


Wind 

Pressure. 


Dead lioad. 


Wind 

Pressure. 


A—F 
D—K 
Br-G 
C—J 
F—G 
J~K 
E—F 
B—K 
ES—H 
0 —H 
H—J 




1*18 *302 E—F 
•48 *302 E—K 
•46 *396 E—H 
•69 -302 0—H 


•00 I *30 


•80 r343 


•29 I-343 


•28 -317 

•64 -341 


•23 -343 
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fio Fig. 66. 
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A—B 
b’—Q 
B—J 
K—P 
G~L 
I>~N 
K—J 
P-Q 
R—L 
N —0 
O-H 
G-Q 
G—R 
G—O 
G—M 
J—K 
0—P 
L—M 
M—N 




rt*se 
wt * 


Dead Ijoad. IWind Pressur 


1 08 
1-08 
1-00 
1-00 
•75 
•75 
•15 
•15 
•22 
•22 


•186 A—H 
•186 F—Q 
•186 B—.] 
•186 E—J’ 
•186 G~L 
•186 D—N 
•078 H— J 
•078IP--U 
•166 K—L 
•155 H~0 
1-35 •20(' G*-H 
.48 -200 G—Q 
•92 •20(' G—K 
•42 -200 Q—O 
•47 -200 G—M 
•43 -203 J—K 
•00 -203 0—P 
•65 •246 1>-M 
•04 ^245 M—N 
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Lgth Cooffi- 
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ExplancUions of TahUs of Coefficients, 

The tables of coefficients for the various types are calculated on the follow¬ 
ing assumptions:— 

(1) Both shoes fixed. 

(2) Efifective span taken between the points of intersection of the rafters 
and main ties. 

(3) Load uniformly distributed over both rafters and acting in a vertical 
direction. 

(4) Wind pressure uniformly distributed over one rafter and acting at right 
angles to its surface. 

(5) Purlins placed over the joints of intersection of the various members 
with the rafter. 

To find the total stress in any number due to dead load and wind pressure 
c ombined:— 

X dead load coefficient + (Wp X wind pressure coefficient). 
Where P=total combined stress. 

Wp—Total dead load on one truss comprising the weights of the 
truss, purlins and roof coverings. 
s=Total normal wind pressure acting on one side of one truss. 

L=Span between the points of intersection of the rafters and main 
ties. 

To find the length of any number :—^Multiply the span L by the length 
coefficient for the number required. 

To calculate Wpin lbs .:— 

L— Span of truss in feet. 

C=Di8tance apart centre to centre in feet, 

T=approx. weight in lbs. of one truss. 

q=weight in lbs. of purlins and roof coverings per sq. foot. 

Q=Total weight in lbs. of purlins and roof coverings supported by one 
truss. 

T=i C h (I+ j'q) 

Q«qx C X L for I riset. 

Qaaq XC X 1*2 L for J rise. 

Total dead load Wp ^T-f- 0* 

W X C X ’SfiL for i rise, 

p n ' . 

aapjj X CX*6Lfor| rise. 
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Whore P = Dornul wind prereure in lbs. per a ft. of toot auifaon, 

Pjj =P(8in. i) 

Where P=sPressure in lbs. per s. ft, 
i = angle of slope. 

To find pressure of wind ;— 

P='0032 V2 to *005 V2. 

Where P= pressure in lbs. per s. ft. 

V = velocity in miles per hour. 

For tra sses of spans upto 60 feet the rafters are usually calculated and designed 
for the max. stress in the portion next to the shoo, the required section being con¬ 
tinued to the apex, in one length. Special calculation should be made if the 
span is greater than 60 feet. 

Truss Bearings .—Trusses must be securely anchored to the masonry with 
two anchor bolts at each bearing. 

Truss span .. ..upto 30' .30—60' 70* 80' 

Length of bolt .. ..2'-6" 3'-0*’ S'-B" 4'-0' 

Diameter of bolt .. 1* 

Economic Spacing of Trusses :— 


Let D=(*conomic spacing. 

Cost of Truss per cwt. 

Cost of purlins per cwt- 

(1) For trusses carrying 25 to 60 lbs. per s. ft. 

Where K=li D=3-4v'^L 

K=2 D:=4v/L 

(2) For trusses carrying Jack arch ceilings. 

Where K=li D= 3 N?"L__ 

K=2 D=3-6\?^L 

Jack arch floors or roofs with one system of beams. 

D= whore only one beam is required. 

D== i where more than one beam is required. 

3 

Max. value of D = 6 feet. 

Trusses should never be less than 9 or 10 feet apart. 

Span 

Eoof Pawels.—Number of panels = g - approx. 


Stream in Tmssei.—The stresses can be solved graphioaUy or by mwns of 
coefficients for dead loads and wind pressure, given on pages (292-297), 
The latter method is simpler and quicker. 
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Narmt Velocity and Force of Wind* 


Name. 


HardJy perceptible wind 
Just perceptible .. 

Light pleasant breeze 

Pleasant brisk gale 

Very Brisk 

High Winds 

Very High 

A storm or tempest 
A great storm 
A hurricane 
Voilent Hurricane .. 


1 Velocity. | 

Force per 
sq. foot, 
•006V2. 

Per hour. 

Per second 

Miles. 

Feet. 

Lbs 

1 

1-47 

•005 

2 

2-93 

•020 

3 

4-40 

•044 

4 

6-87 

•079 

6 

7-33 

•123 

10 

14-67 

•492 

16 

22-00 

1-107 

20 

29-34 

1-968 

25 

36-67 

3-076 

30 

44-01 

4-429 

36 

61-34 

6027 

40 

58-68 

7-873 

45 

66*01 

9-963 

60 

73-36 

12-300 

60 

88-02 

17-715 

80 

117-36 

31-490 

100 

147-30 

60-001 




a = angle of slope. 

Ph=pres8ure of wind in lbs. per s. ft. 
B=Tertical pressure. 


JL. 

Tertical pressure, 
normal pressure. 


6® 

10“ 

20“ 

© 

o 

o 

O 

60“ 

60“ 

70“ 

80“ 

Pn«PhX-173 

•337 

•612 

-800 

•910 

•966 

•989 

•998 

1-0 

B «PhX-172 

•332 

•576 

•693 

•697 

•621 

•495 

•341 

•173 



The house stacks should be calculated 
for wind pressure and if found necessary 
a iron tie be given as shown in the dia* 
gram. 
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(1) Wind pressure on chimneys. 

Allow 56 lbs. per sq. ft. of area. 

If the wind pressure on a sq. ohimn^ be oonsidred=sl. 

Then Hexagon a=*’76 

Bound =*6 

Octagonal ='65 

(2) Wind pressure on railway carriages— 

A=area of carriage exposed to wind in sq. ft. 

H=height of centre of pressure above rails in inches. 

D=half distance apart of centres of rails in inches. 

W=weight of a carriage in lbs. 

F=:Maximum wind pressure in lbs. per s. ft. beyond which vehiole is 


unstable = 


WD 

AH 


(3) Wind pressure on wires— 

W= weight of wire in Iba. per mile. 
L=length of wire in feet. 


d=diameter of wire in inches, 
f =pre8sure of wind in lbs. por s. ft. 
F=stotal pressure of wind in lbs. 

F=s 0004723 f L = 0556 f L.d 


Example -.—Span li - 

Spacing C = 10 feet. 

Rise = Jth span. 

Type 3a. 

Covering 18 sheeting on steel purlins, wind 

hotixontol=40 lbs. per s. ft. 

■yV 3X10X30 / , . 30 


^ 14 -^^= 900 lbs. approx. 


Purlins do 'ts and bolts ^=^2 lbs. per s. ft. 

Sheetings and fittings =3 lbs. pe^t. ft. 

q=!6 lbs. per e. ft. 
Q=6 X10 Xl‘12X30=1680 lbs. 

. ^ =T4- Q= 900 +1680 =2580 lbs. approx. 


p _ p X'72=40 X'726=29 0 Iba per ft. 
^n b 

Wp = 29 X 10 X-sex30 =4872 lbs., wy 6,000. 


pressure 
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Stresses in Members. 


Member. 

• 

Bead Load. 

Wind Pressure. 

Total Stress 
in Tons. 

Length. 

Dead Load Stress Coefficient. 

Stress in 
Tons=» 

Coeff. X 2580 
2240 

Wind Pressure Stress Coeffi¬ 
cient. 

Stress in 
Tons = 
Coeff. X 5000 

2240 

Length, Coefficient. 

Length in Feet = Coeff. x L. 

Compression. 

Tension. 

Compression. 

Tension. 

' 

Compression. 

1 

1 

A—H 

1-080 

1-24 


1-251 

2-80 


1 

i 

4-04 


1 

1 

•186 

5-6 

1 

H—J 

•165 

•19 


•368 

•82 


101 


•107 

3-2 

K—L 

•248 

•28 

1 

•551 

•123 

1 

1 

1-61 


•213 

6-4 

G~H 

•968 



1-356 


303 

1 

4-16 



J—K 

•132 


•15 

■ 


•66 


•81 



L—M 

•412 


•47 

!_ 

•437 


•97 

m ■■■■■■■■ 

144 




The minimum size of angle or tee used in roof trusses should be 2*x2*x i* 
and the minimum size of flat, 2'X In designing ties allow for loss of area due 

to holing. Use offset rods diam. and &vg ties dianu 








Table of Steel Truatsof 16, 20,24,30,40, and50/ec( clear 1 m 2 camber = apart -r 28. 

Diameter of Rivets f'"; Thickness of Gussets f' and 


S03 



Diameter of Rivets Thickness of Gusset plate and J*, 




3'a6ie of Steel Trusses of 16, 20, 24, 30, 40 and 50 feet clear span Hoof slope 1 in 2 camber •=* span 

Diameter of Bivets Thickness of Gussets I" and y _ condd. 
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Jack Aboh Boofs. 

Table of dimensions of He-rods required for arched roofs of severed qpans. 


§ 

CO 

II 

CO 

Thickness of arch¬ 
ing. 

Biss of Aboh, 

Diametbb of 

TIB BOD. 

Dimensions of washers 
and backing plates. 

5 

6 

S 

4 

■ 

B 

S 

Rise—— 
4 

Ft. 

Ins. 

Ft. Ins, 

Ft. Ins, 

Ins. 

Ins. 



3 


0—6 



• • 

) 


4 


0—8 


i 

« » 

( Washers 9' X 4| X i 

r 

a 

6 


1—0 


I 

« « 



8 


1-4 


1 

• • 

) 


10 

9 

1—8 


i 

• « 

1 Continuous thrust ) 


12 


2-0 

3—0 

1 

1 

j- Plates of angle 


14 


2-4 

3—6 

1 

1 

j iron 3'x3''Xf' 


16 

>9 

2—8 

4—0 

1 

1 

'i Continuous thrust 

► 

18 

99 

3—0 

4—6 

H 

1 

^ plates of angle 


20 1 

99 

3—4 

5-4) 


u 

) iron 4'x4'x| 



Tie rods have boon used 4 feet from centre to centre and concrete 3 inches 
thick over the arch. 

The following should be always kept in view;— 

(a) For spans up to 10 feet the spacings of tie-rods should never exceed 5 
feet. Diamond shaped washers (like one given in the sketch) 
of oast iron or wrought iron should be used at the end of tie-rods 
(seeW in figure on the following page). 



Thickness of arch should not be less than 4^ inches as ^ 
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(6) The spacings of tie-rods 
should not exceed 4' for spans 
10 to 20 feet. 

The washers should be of 
angle iron. 

See Table above. 


(c) The conoreto should be placed on the roofs as shown in the sketch. The 
concrete should not extend to the outer face of the walls. No parapets is to be 
used in such construction. 

(d) The thickness of concrete near D should be at least If' Do the filling 
as Soon as the centerings are lowered and place the concrete after 20 to 26 
days. 

(e) The top courses,». e., above a b should be in line. Springing line should 
bo at least 12 feet from the floor level. 

Method of finding thickness of tie-rod. 

Example. —Find the thickness of tie-rod, placed 6 feet centre to centre 
used on 6o® arch, 1 feet thick, the width of the room being 20'. The weight 
of masonry ^120 lbs. per c.ft. 

Area of arch —■ 21*4676 square feet. 

Area for | 8pan=l 0*7338 square feet. 

Weight on one tie-rod=120 X 5 X 10*7338=6440 lbs. 

If H=Stre88 set up in tie-rod. 

Then H=6440 X Cot 30=11154 lbs. 

Safe Tensile stress of iron= 896! 'lbs. por square foot. 

Safe Tensile stress of steel=11200 lbs. per square foot. 

11154 

.*.Sectional area of iron l>ar='gg^ = 1*24 square ft. 

and sectional area of steel bar =^^™4=*995 square ft. 

11200 

.'.Diameter of iron bar =1 tV inch, 
and diameter of steel bar =ljinoh. 

Note.—^I n the above table the thickness of the arch is 9'. 

Example 2. —Find the spacings of tie-rods, 1 inch thick used on 60° arch of 
1 foot thickness when 

(t) The width of the room he 24 f^^t. 
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(n‘) Safe tensile stress of iron be 6 tons per s. ft. and weight of aroh masonry 
ho 120 lbs. per c. ft. (See figure for example No. 1). 


Sectional area of arch masonry= 


X 2 X 24*6 
"6 


>26*7 s. ft 


Blasonry for length of aroh 
Weight of aroh for length 

Weight on one rod 
/.Stress set up in tie rod 

Sectional area of tie rod 


«26*7X1~26*7 0. ft 
=26 *7X120 =3084 lbs. 

=??-®!«1542 lbs. 

2 

=1642 X Cot 30° -O* 

= 1642x1-73206 =2671 lbs. 

= irX(i)^ =’7864 s.inoh. 


.‘.Safe Tensile stress 


.-.SpacingB 


=•7854x6 tons. 

=•7854 X11200 =8796 lbs. 

8796 

’^2671 

=3 feet 3 inch. 


Safe Loads on Deodar and Kail Planking. 


Span in ft. 

1 Safe Superimposed Loads in ibs. per sq. foot. 

V 

IV 

2" 

2V 

r 

1-6 

356 





2-0 

160 

606 




2*6 

77 

259 

614 



3-0 

44 

160 

366 

694 


3-5 


94 

224 

437 

760 

4-0 


63 , 

160 

293 

606 

4-6 


44 1 

1 106 

192 

356 

5*i> 



77 

160 

269 

5-6 



68 

112 

196 

6-0 



44 

87 

160 


Table shotoing Diameter of Deodar or Sal Bailies for 80 lbs, roof. 


Span in ft. 

|l>eodar Bailies Spacmg U to C 

1 esat Bailies Spacing C to 0. 

1 ft. 
Inches. 

li ft. 

Inches. 

1 it. 
Inches. 

lift. 

Inches. 

4 

3 


2f 

3 

6 

H 

4 


3* 

6 

4 

H 

31 

4 

7 


6 


4i 

8 


1 5J 

H 

' 5 

9 


6 

5 

H 

10 

H 


H 

6| 

11 


H 

6 


12 


n 


7 
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Size 

in 

Inches. 


Weight 
per 
Foot 
in Lbs. 


Diaorahs. 



Area 

in 

square 

Inches. 


M OMENTS 
OF Inertia 


Badii of 
Gyration 
IN Inches. 



Sec* 

tion 

Mod. 

ulus 

about 

X~X 


Girder Sections. 


24x7i 

22x7 

20x6i 

18X6 

16x6 

16x6 

14x6i 

13X6 

12x6 

10x4i 

9X4 

8X4 

7x3i 

6x3 

6X2| 

4}X2 

4xl| 

3XU 


10x8 

10x6 

9X7 

8X6 

6X5 

6X4^ 

4X3 



62 I *984 


3 b I 26-47 I 24431 tiO 4419*61 f l*di 1203 6 



•904 

•783 

•709 

•825 

•648 

*561 

*613 





1292169-43 


2-48{ 1 16 
*06 

7-78611-32611-63 I *672 


1-72 I 143-6 
121*7 
100-8 
81-30 
67-74 
40-96 
46*26 
28*7^ 
16*06 
1001 
8-893 
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(2) BRIDGES AND CULVERTS. 

Foundations must always be taken down deep enough to be free from the 
eoouring action of flood water. 

Culverts should, when possible, be designed in one span. The span for 
brides should be chosen as large as possible and ^ould be few in numbw. 

llie cost x>er span is minimum when the cost of the span carrying load direct 
to piers is equal to the cost of one pier. 

Let L sSpan in feet. 

H=b Total height of pier. 

The economic span is as follows:— 

( 1 ) Steel trusses span on masonry piers L=3H 

(2) Masonry arches L=2H or more. 

(3) Reinforced concrete slab on masonry piers L—l^H. 

(4) Steel troughing R. S. joists and reinforced concrete beams on 
(masonry piers L=| H to H. 

For the economy in material, the rise of the arch should bo between i to 4 
«of the spans and the spans should be not less than the height (in the case of 
culverts ) or not less than 1 ^ times to twice the height in the case of bridges. 

It is more economical to increase the span than to increase the height for 
:the same area of openings. 

The following calculations should be made before designing a bridge :~> 

1 . Find the (mean) velocity of the stream. 

2. Find the afflux due to obstruction such as piers. 

3. Find the velocity under the arches. 

4. Find the depth to which the bed will scour. 

J. To find the velocity of stream use Manning's formula :— 


V= 


1*486 




Whore V’=mean velocity in feet per second. 

r=hydraulic moan depth =——-3 -:—:— 

^ wetted perimeter. 

S=inclination of water surface 
Value of n is the same as in Kutter* s formula. 
Brickwork and out stone •• 

Rubble masonry .. •• 

Very fine gravel .. 

Rivers and canals in earth •« 

Rivers and canals in bad order 
Torrential streams with beds covered with Detritus 

Zf. To find the afflux due to cbstruction 


n«'013 

usss’017 

n =‘020 

n=025 

nies’OSO 

n**060 
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Where h=afflux; of water caused by the obatructioa in feet. 

V =smean velocity of river in feet per second at max. H. F. L. 

A=aTea of river unobstructed in square feet. 

a=aroa of river at obstruction in square feet neglooting the afflux. 


Mean velocity 
of current 
in feet per 
second be¬ 
fore obs¬ 
truction. 

- = 111 
a 

or 

± =*9 

A 

1-25 

•8 

1—1 

•4 CO 

1'67 

•6 

2-0 

•5 

Afflux or rise of water level in feet. 

2 

•03 

•07 

•12 

1 -21 

•35 

4 

•07 

•18 

•34 

! '57 , 

•97 

6 

•15 

•37 1 

•69 

1-18 

2-00 

8 

•26 

•64 1 

1-19 

2-03 i 

3-42 

10 

•40 

•98 I 

1-83 

3*12 

5-26 

12 

•58 

1-41 1 

2’62 

4*45 

7-50 

15 

•90 

2-19 i 

4-06 

6-92 ; 

11-70 

20 

1-59 

3-87 ; 

7-18 

12-2 

• • 

25 

2-48 

6-00 : 

1115 

• • 

• • 

30 

3-57 

8-65 ' 

• • 

» « 



(///). To find the Velocity under the Arches or Oirlers, 


Where a, A, V are the same as before— 


Vi=velocity under arches. 

1*1 is the factor to allow for eddies. 

IV. To find the depth to which the bed will scour — 

0-64 

Vg =*84 kdi 

= average depth before scour. 

Vg—Velocity after scour. 

K = 1 for coarse sand. 

= 1*6 for coarse gravel. 

=2 to 3 for large boulders. 

Xlie edeot of different velocities of water in scouring various soils clo^e to 
the bod is given below. 


i 

I 

I 


ft. per second will scour fine clay, river mud or silt 
„ tp u M n sand and common clay. 




yy 

yy 


yy 


„ coarse sand. 
„ One gravel. 


f» »» 


yy 
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2 feet per second will scour Round shingle 1" diameter. 


3 M n » t* »* Large stone as big as egg. 

o f, If If If If Conglomerate. 

6 If If If If If rooks with distinct layers. 

10 If ,1 If „ „ hard rock. 


Cliailly’s formula for velocity that ^ will move stones. 

V2 

D= ^ whore D=diameter of stone in feet 

V=-velocity of water in feot per second. 

For V «= 5 10 15 20 25 30 35 40 

D = -3 1-2 4-7 7-3 10-6 14-4 16*6 18 8 feot 

The depth of the moving bed caused by scour occasioned by the highest 
known flood can bo found by trial holes and can be calculated by Kennyd*s 
formula. 

•fi4- 

V= -84 Kd 

K varying up to 3 according to the nature of bed. 
Benign of Culverts and Small Bridges. 

For culverts and small bridges measure the drainage area and make the 
openings large enough to carry off 3" to 4^ of rainfall in ono hour or deduce from 
the following formula ;— 

If a=area of opening in square foot 
A sc drainage area in acres 

f flat country C=1 
C=coofficient •<( rocky ground C=1'5 
l^Mountaineous C=4 

Meyer = a —O's/ A. 

Chamior Q=640 0. B. 

Where Q=fMax. discharge at the outlet in cubic feet per second. 

B=average max. rainfall in inches per hour. 

G~coofScient of surface discharge. 

M=catchment area in square miles. 

Value of C for flat country, sandy soil or cultivated land aas*25 to *35 
Wooded hill slopes stony ground =’46 to *66 

Mountaineous country non-absorbent =*63 to *66 

Bare mountains and paved surface =*8 and over. 
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Did^ns :— 

I>=:Maz flood disoharge in c. ft. per second. 

M^Catohment area in square miles. 

D=5=825 

»e’s 

DsbCmI. (Used in Madras). 

Tctble, showing sizes of bridges based upon drainage area and assumed velocities. 


Drainage area. 

Discharge, cubic 
feet per second. 

Assumed velocity 
feet per second. 

Square feet of 
waterway. 

Bridc 

Number 
of spans 

JE FOR C< 
OASES. 

Span in 
feet. 

)MMOK 

Height 
of piers 
or abut¬ 
ment. 

1 acre 


6 


1 

H 

1 

2 „ 

11 

5 

n 

1 

2 

H 

3 „ 

15 

5 

3 

1 

2 

H 

6 „ 

22 

6 

• • 

1 

3 

H 

8 „ 

31 

6 

6 

1 

3 

2 

16 „ 

62 

5 

lOJ 

1 

4 

H 

40 

103 

6 

18 

• • 

6 

3 

4 square mile 

173 

6 

29 

1 

7 

4 


292 

6 

49 

1 

10 

5 

1 

490 

6 

81 

1 

12 

6 

1 »» 

825 

6 

137 

2 

12 

6 

2 

1388 

7 

200 

3 

12 

6 

3 

1881 

7 

270 

3 

14 

7 

5 » 

2760 

7 

400 

3 

16 

8 

7 „ 

3560 

7 

500 

3 

18 

9 

10 

4640 

7 

663 

3 

20 

10 

20 

7804 

8 

976 

5 

20 

11 

30 

10677 

8 

1322 

5 

24 

11 

50 

15605 

9 

1734 

5 

30 

Hi 

100 

26094 

9 

2899 

6 

40 

14i 


Abutments :— 

Abutment walls should be designed to resist the earth and not the arch thrust. 

The thickness of abutment should not be less than 
span 



Method of finding Thickness of Abutment :— 

With centre C and radius equal to CA, i. of arch, 
draw arc tp cut at B. Now this arch should remain 
inside tl 3 abutment. 
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Piers—1 to | span. 

Backing | rise of arch from springing linsb 
Dimensions of Railway Bridges. 

See pages (328—330) and dia grama 
pages (701—748). 

R=?P?:?4.12^ 

2 

If span — 24' 

Ri8e=^t+l=13 feet. 

2 

Thickness of Arch :— 

Small type t — — + 9'' 

2 24 

if span =24', thicknes8=-^ +9=21'' 


3 s 

For heavy type of bridges t= - +9' 

4 



i. c., if span =24't =^^.?^+9=27' 
and for very heavy type t =8+9" =33". 

g 

Height of Springing Line from G. L.=-— 

Ji 

Rise of arch ”"3" 

Length of arch =2*362 B. 

The thickness of arch and filling (earth) 

g 

.should = "g--+2 feet. 


Height of parapet from ground level to 
top of parapet=s'+2'. 

Thickness of mtermediate pier :— 

(1) for light type = Sx li+22i"=42i" (span 16') 

(2) for heavy type = Sx lif^+22i"=5r (span 16') 

(3) Very heavy typo = Sx2i -l-22i" =581" (span 1®^)* 



Thickness of abutment :— 

(1) for light type=~+l'=9’ (span 24'). 

3 

o 

(2) for heavy typo = -^+1*=9' (span 24'), 

o 

(3) very heavy type= ) S +1=10' (span 24'). 



All these thicknesses are at G. L. The front face should 
be vertical and back face should have batter 1 in 4. 
When giving offsets the line of batter should be inside 
the offsets as sl^'wn in the sketch. 




(Thickness of Ainiifnent for 60® JLrchss, 
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Horae-pomr (Theoretical) required to compreaa 100 c. /f. of free air to variable 
pressures. 


(Sullivan Machinery Company). 


Gauge Pres¬ 
sure. 

Single Stage. 

Two Stage. 

Saving of t 

SINQLS STAG] 

H. r. 

wo STAGK OVBB 
£ COMPRESSION. 

Per cent. 

5 

1*97 




10 

1 3*61 




15 

I 5 02 




20 

1 

i 6’28 

1 




25 

7-44 




30 

8-45 




35 

9-41 


♦ 


40 

10*30 




45 

11*13 



• 

50 

11 *92 

10*65 

1*28 

10*70 

60 i 

12*67 1 

11*81 

1*57 

11*72 

70 i 

14*70 j 

12*84 

1 *85 

12*61 

80 i 

15*91 1 

13*77 

2*13 

I3*4(^ 

90 

17*04 

14*63 

2*41 

14*22 

100 

18*09 

15*42 

2*67 

14*77 

120 j 

20*01 I 

16*83 

3*18 

15*90 

1 

140 I 

21*74 

18*07 

3*67 

16*89 

160 , 

23*32 

19*20 

4*06 

17*40 

180 : 

24*77 

20*27 

4*51 

18*18 

200 1 

26*12 

21*19 

4*93 

18*88 

220 

1 

21*96 



240 


22*76 


1 

260 


23*28 



280 


24*1,9 



300 


24*85 



350 


26*35 



•4(K) 


27*65 

1 


460 


28*85 



500 


“^29*97 
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Loss of A ir Pressufe in pipee^ dve fo friction {applies to all pressures and for 
volumes up to 300 c. ft. of free air). 

{Sullivan Machinery Company, 


Divide the number correspuadiiig to the diameter of the 
pipe and volume in o. ft. of free air by the ratio of compres¬ 
sion from free air. The result is the loss in lbs. per sq. 

inch in 1,000 ft. of pipe. ____ 

Diameter ok jpipb in inches. 


‘C. ft. of free airj 
per minute. 



i 

: ^ 

1 

u 

H 


n 

3 

i 3J' 

1 •• 

0 

43*6 

i 6-7 

1-4 

*4 





I 

12 

173 

■ 22-8 

5-3 

1-6 





( 

24 

763 

i 91-0 

21*0 

5*9 

2*2 





48 



85 0 

23*6 

8*6 

2*0 




76 



200 • 

57*0 

21*0 

4*9 

1*6 



100 



373- 

92 0 

37*6 

8*7 

2*7 



126 




163-0 


13*6 

4*4 



150 




2.30 -0 

83*6 

19*5 

6*3 

2*3 


200 




.368-0 

150- 

35*0 

10*8 

3*7 


250 





216 

54 *5 

17*7 

6*4 

2*9 

300 





338* 

79*0 

26*3 

9*3 

4-2 



n 

_ .-i .n 

4 

H 

6 

6 

7 

350 

105 

33 

12-7 

1 5-5 

2 *7 






140 

45 

14-8 

! 7*1 

3*6 

1*9 




450 

174 

65 

20-7 

; 9-4 

1*1 

2*3 





216 

68 

26-0 

11-1 

6*6 

2*9 

1*7 



000 

316 

100 


16-0 

7*3 

4*0 

2*5 



700 


133 

51 *0 

21*8 


5*8 

3*4 



800 


172 


29*0 

14*3 

7*5 

4*4 

1*8 


900 


219 

8ii'0 


16*6 

9*2 

5*4 

2*2 




272 

■HIM 

44*0 

22*0 

11*7 

6*8 

2*8 

1-4 

1200 




67*0 

29-0 

16*0 

9*6 

3*9 

1*9 





87-0 

44*0 

23*0 

14*0 

5*6 

2-6 

1600 



236*0 

114*0 i 

67-0 

30*0 

18*0 

7-1 I 

3*1 

1800 





66*0 

35 0 

22*0 

8*8 

4-3 

2100 




196* ' 




12*6 

6-9 

2400 




266* 1 

117*0 

65 0 

38*0 

15*6 

7-7 

2700 




1 

149*0 


49*0 

19*6 ' 

9-8 



• 


i 

201*0 

100*01 

60-0 

24*0 j 

12-0 


Example .—What is the loss of pressure and the terminal pressure with 360 
e. ft.of free air compressed to 90 Jbs ? Initial gauge pressure passing through 
500 ft. of 2 inch pipe. 

From the table we find that the number corresponding to the diameter 

of pipe and the volume mentioned is 106. 

90 + 14-7 « 1000 o 106 52-6 

- —. ' =a 7*1 compressions, 

14*7 


600 


= 2 . 


2 




7-1 


7*4 lbs. loss.. 


Terminal pressure « 90—7*4 =82*6 lbs. 
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Ificiencies of Air Compreaaora at Different AltUudea. 


) 

J5arometnc 

i:'ressure. 


) 

Loss of 
Capacity 
Per Cent. 

Decreased 
Power 
Required 
Per Cent. 

Altitude 

Feet, 

laches. 

Mercury. 

Pounds per 
Square Inch. 

y oiuincrric 
Efficiency 
Compressor 
Per Cent. 

0 


■■VRS 


0 

0 

1,000 




3 ; 

1-8 

2,000 



93 

7 : 

3-5 

3,000 

26-76 



10 

6-2 

4,000 

26-76 

12-67 


13 > 

6-9 

5,000 

24-79 

12-20 


16 ; 

8-5 

6,000 

23-86 

11-73 


19 

10-1 

7,000 

22-97 

11-30 


22 ! 

11-6 

8,000 

22-11 

10-87 


24 

13-1 

9,000 

21-29 

10-46 


0 7 

w t 

14-6 

10,000 

20-40 

10-07 


30 i 

16-1 

11,000 

19-72 

9-70 

68 

32 i 

17-6 

12,000 

18-98 

9-34 

65 

35 

19-1 

13,000 

18-27 

8-98 

63 

37 ' 

20-6 

14,000 

17-59 

8-65 

60 

40 ; 

22-1 

15,000 

16-93 

8-32 

58 

42 ' 

23-5 


Approximatec Cost op Air lift Pumping Plant. 


Details :— 


No. of wells 

« • 

• • 

• * 

1 

Depth 

• • 

* • 

ft. 

300 

Diam. casing 

• • 

• 

Inches. 

8' 

Depth of casing 

• 

• • 

ft. 

180 

Strainer 

t < 

• 

,. 180 

—300 

Inside Drain strainer 

• • 

• • 

Inches. 

6 

Static Level 

• • 

• • 

ft. 

23 

Drop 

• « 

• • 

99 

10 

Elevations 

• • 

• • 

99 

45 

Horizontal Discharge Max. 

• • 

• • 

99 

10 

Total lift 

• ■ 

• « 

99 

80 

Submergence 

• • 

• • 

99 

140 

Depth of pump in well ^ 

* • 

• • 

99 

176 

Volume of air per gallon 

« • 

• 

c. ft. 

•439 

Water pressure 

■ • 

» • 

lbs. 

66-76 

Friction • •, 

t • 

• • 

»» 

1-6 

Operating pressure 

• • 

• • 

tt 

68-25 

Gallons per minute required .. 

• • 

• * 

tt 

200 

Total air 

• • 

• » 

0. ft. 

88 

Water H. P. 

* • 

• • 

• ) 

4-85 

B. H. P. 

• • 

• • 

ft 

16-1 

Over all efficiency 

• • 

« • 

ft 

30% 
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Details of Coat :— 

1 single stage double acting Air Compressor, belt driven com¬ 
plete • • • • • • • • 

1 Vertical Air Receiver, dia. 5' high, complete with pressure 
gauge, etc. .. 

1 Air Lift Pump with sy eduction pipe IV air line, complete 
with well head, nipple, regulating cock, jam nut and elbow.. 


Rs. 

2,0(X> 

400 

925 


1 Portable Steam Engine with cylinder, 8^*' dia. and 12*' stroke, 
with flywheel 54" dia. X 6* face for working pressure of 
120 lb. per sq. inch to run al 1.55 Rev. P. M. and 21 H. P... 4,800 

Pipes and Fittings .. .. .. .. 650 


Approx, total cost 
Freight, etc. 


8,775 

225 


Total .. 9,000 


Air Lift Pumps Standard Type (Sullivan). 


Nominal 
Pump and 
Size Dis. 

ins. 

Approx. 
Capacity 
Galls, per 
Minute. 

Smallest 

Well 

Casing ad¬ 
apted . 
ins. 

Approx. Price. 


Well 

Top. 

Umbi’ella 
;or Elbow. 

1 

1 

Complete 

Pump. 




Rs. 

Rs. 

t 

1 

1 Rs. 

1 

R&. 

H 

16 

4 

400 

135 

60 

537 

2 

40 

5 

530 

175 

i 75 

705 


60 

6 

635 

175 

1 75 

835 

3 

80—] 20 

6 

665 

225 

: 100 

890 

3.} 

120—160 

8 

725 

2.50 

125 

975 

4 

160--240 

8 

785 

275 

125 

1,060 


240—280 

8 

855 

3f)0 

1 175 

1,155 

5 

280—400 

10 

915 

325 

i 175 

1,240 

6 

400 —600 

12 

1,055 

350 

250 

1,405 

7 

600—800 

14 

1 1,290 

375 

250 

1,665 

8 

800-1000 

14 

2,450 

425 

250 

2,875 

10 

1000-1600 

• • 

2,840 

535 

375 

3,375 

12 

1600-2400 

• « 

3,225 

650 

375 

3,875 

1 
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Central Type Sullivan Air Lift Pump, 


Discharge 
las. and 
Pump No. 

Approx. 
Capacity 
Galls, per 
Minute. 

I 

Smallest 

Well 

Casing ad¬ 
apted. 
Ins. 


AfPROX. 

Price. 


Foot 

Piece. 

Well 
Top. ; 

Umbrella 
“Y” Bend. 

j 

j Complete 
Pump. 





Rs. 

Rs. 

Rs, 

U 

12—24 



135 

60 

276 

2 

24- 40 1 


190 

175 

76 

365 

H 

40--56 


200 

200 

76 1 

400 

3 

66—80 1 


276 

225 

100 i 

600 


80—120 i 


335 

250 

125 

585 

4 

120—160 ! 


375 

275 

125 ! 

660 


160—200 1 

6 

426 


165 ■ 

725 

r> 

200—240 ; 

^ i 

7 

475 

325 

165 1 

1 

1 

800 


Larger sizes made' up to 2,600 gallons per minute. 


Sullivan Stand¬ 
ard Foot Piece 
and Well Top, 
showing rela¬ 
tive location of 
casing and 
flanges. 


Sullivan Cen¬ 
tral Foot 
Piece and 
Umbrella. 


The central typo is used when more water is required. It is also made of 
bronze and consists of perforated tube. It has a large number of holes and can 
be raised or lowered without changing the discharge pipe. 



















Pumping by Wind-miU. 

H. P. of Wiad-mill = *00000091 AV® (Molejsworth). 

Where A = total area of Sails in sq. ft. 

V == velocity of wind, ft. per second. 

The lowest force that will do effective work with a wind-mill is 8 miles per 
hour. For pumping water for storage for all uses there is no more economical 
prime mover. 

The following table gives the sizes of wind-mills in common use, their power 
and capacity tor pumping water with an average of 16 miles wind for 8 hours 
per day;— 


Diameter of 
mill. 

H. P. from 
shaft. 

H. P. in 
water pumped. 

Gallons of 
water 15 ft. 
high per hour. 

1 Gallons of 
[ water 25 ft. 

high per hour. 

1 

1 

1 


•09 i 

•04 

616 

! 370 

10 

•16 

•12 

1918 

1151 

12 

•25 

•21 



14 

•40 

•28 



16 

•50 

•41 

6460 

1 3876 

18 

•70 

•61 

9768 

I 5861 

20 

1*0 

•79 

12465 

1 7479 

25 

1*60 

1*34 

21233 

i 12743 

30 

3-0 

2*25 

31660 

1 19000 

I (Hiscox). 


Wind^mill for Electric Lighting, 

A wind-null 30 ft. in diam. equal to 3 R. P. in a 16-milo wind, running a 
djmamo will generate current for 25, incandescent lights of 16 candle power each. 

For sui^lying current when the wind is 4ght or daring a calm, use storage 
. hattery. 
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ELECTRICAL ENGINEERING. 

Direct current. 

Electrical Units:— 

The Ampere is the unit of electrical current=0=10“’^ 

8 

The volt is the unit of electro* motive force=E=10 

The Ohm is the unit of Besistanoe ==R —10* 

E 

Ohm’s Law — (Direct current). 

„ E 

C= 2 —(Alternating currents). 

Impedance (Z) is the total resistance of an alternating current circuit, and 
is expressed in Ohms. 

The Watt is the unit of power ==lo’ ergs per second Watt8=0xE=C^R= 
E® 

1 Horse power==746 Watts. 

The “ Force de Cheval ” =» 736 Watts and is the value of H. P. adopted in 
France, Germany, etc. 

Board of Trade Unit. —For commercial purposes electrical energy is charged 
for in units of 1000 Watt hour each and is known as B. 0. T. unit. 

1. B. 0. T. Unit=]| H. P. per hour or H. P. Hours. One B. 0. T. Unit will 
maintain one 16. C. P. 25 Watt lamp for 40 hours, or one 32 C. P. 40 W^atts for 
25 hours. 


Commercial Units. 

Load Factor sold X 100. 

Max. capacity plant in K. W. X hours of supply. 

Example. —A plant generating 1,000,000 B. 0. T. units in a year of 8,760 
hours and recording a maximum output of 100 K. W. has a Load factor of 11*4. 

Diversity factor is the number obtained by dividing the sum of the Max. • 
Loads of the individual consumers supplied by any works daring a given period 
of time by the Max. load, delivered from the works during the same period. 

Example. —Thus if 10 houses take 8 K. W. and if the supply never exceeds 

80 

50 K. W., the Diversity factor 
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Resistance and Temperature. 

For practical purposes the variation of Resistance with change of tempera¬ 
ture is calculated as follows:— 


R=R® (1-f-KT). 

Where R = Resistance at tem]Xiraturo T® . 

R® = Resistance at temperature 0® . 

K =con8tant depending upon the quality of metal in the wire. 

T = temperature in degrees. 

K lias the following values for different metals:— 

Phospher bronze '000743 Iron •(K)472 

Silicium-Bronze '000740 Copper '00402 

Example. —The resistance of Copper wire at 0®. temperature is *00000 16 

Ohm., find its resistance at o0°. 

R=R® (1+KT)= *0000016 (1-f50 X.00402). 

= *000001922 Ohm’s. 

Accumulaiors ,—Apparatus for chemically restoring electrical energy. 

AUemating current. —Current flowing to and fro many times per second 
and reversing its direction from positive to negative and used chiefly for trans¬ 
mission of power at high pressures. 

Ammeter. —An instrument used for measuring current passing through a 
conductor. 

Armature. —The portion of a Dynamo in which the electric current are in¬ 
duced. 

Commutator. —Bars of Oipper which form the ends of the armature coils 
and from which the current is collected through brushes. 

. Rheostat. —An instrument consisting of one or more resistance coils for 
varying the resistance of anelectric circuit. 

Series wiring. —A system of wiring in which thef same current travels througli 
two or more lamps before completing its circuit. 

Short Circuit. —An accidental connection* between the positive and negative 
conductors by which the current may take a short cut instead of completing 
its full circuit through the lamp, motor, &c., etc. 

Switch. — A device for completing or breaking an electric circuit. 

Transformer. —An instrument for .educing or transforming a high pressure 
to a low one by induction. 
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Tempera ture coefficients and specific resistance of pure inota ls and Alloys. 


p[jRB Metals. (Fleming and Dewar.) 

yPECIFlC 1 

Resistance 

PEE crBio C.M. 
AT 0® C. 

In Micr. Ohms. 

Mean 

Temperature 
Coeflieicnt 
between 0® and 
100'’ C. 

Silver 

1*468 

0*004(M) 

Copper 

l*rj61 

0*00428 

Gold 

2*197 

0*00377 

Aluminium 

2*66.'‘» 

0*00435 

Magnesium 

4*;i5r» 

0*00381 

Zinc 

5*751 

0'()()406 

Nickel (elcotrolytio) .. 

6*9.35 

0 *00618 

Iron 

9*065 

0 *00625 

Cadmium 

10*02,3 

0*00419 

Palladium 

10*219 

0*00.354 

Platinum (annealed) 

10*917 

0 *003669 

Tin (pressed) 

13*048 

0 *00440 

Thallium (pressed) .. 

17*633 

0*00398 

Lead (pressed) 

20*380 

0-W411 

Bismuth (electrolytic) 

110*000 

0*00433 

Mercury (pure) 

94*070 

0 ■<M)098 


Alloys. (Fleming and Dewar.) 

Mier. 

ohms. 

Temp. 
Coeff. at 
15® C. 

, Composition in jicr 
. cent. 

Platinum-Silver 

31*582 

0*0002431 Pt. 33% ; Ag 66% 

Platinum-Iridium 

30*896 

0*0(X)822i Pt. 80:Ir. 20 

Platinum-Rhodium 

21*142 

0*<K)143 

i Pt. 90 ; Rh. 10 

Gold-Silver 

6*280 

0*00124 

! Au 90 ; Ag. 10 

Manganese-Steel 

67*148 

0*00127 

1 Mn. 12 ; Fe 

Nickel-Steel . 

29*452 

0*00201 

Ni 435 

German-Silver 

, 29*982 

0*000273i Cug ;Zn3 ; Ni 2 

Brass 

7*2 

* , 

^ » • • • 

Manganin 

46*678 

0*0 

Cu 84 ; Mn 12 ; Ni 4 

Aluminium-Silver 

4*641 

0*00238 

A1 94 ; Ag 6 

Aluminium-Copper 

2*904 

0*<X)381 

Ai 94 ; Cu 6 

Copper-Aluminium 

8*847 

0*000897 

Cu 97 ; A 13 

Copper-Nickel Aluminium 

14*912 

0*000645 

Cu 87;Ni6*7; A16-5 

Titanium-Aluminium 

3*887 

0*00290 

* ■ • • 
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Particulars of Copper wires S. W, 0 


•Standard Wire Gauge. 

Amperes 

at Amperes 

1,000 per at I. E. E. 
sq. in., standarc 
Ioss=2|i current 
volts —2*6 

per 100 (area) *82 
yards. 

Weight. 

Resistance. 

aw.G. 

Diam. 

1 

1 

) 

1 

j 

j 

i Area= 
tia X -7854 

lb. per 
yard. 

lb. per 
mile. 

Ohms, pe: 
yard. 

Ohms. 

per 

mile. 

1 Sq. 
inch. 

Inches 

1 Sq. 
inch. 

10 (»0’ 

' 749-9 

11-56 

20350• 

•00002405 

04232 

7/0 

•5C0 

•1963 

196-3 

197-3 

2-270 

3995- 

•0001225 

•2156 

0/0 

*464 

•1691 

169-1 

174-6 

1-955 

3441- 

•0001422 

•2503 

ojO 

■432 

•1466 

146-0 

155-3 

1 -695 

2983* 

•0001640 

•2887 

4/0 

•400 

•1257 

125-7 

136-9 

1-453 

2558- 

•0001913 

•3367 

3/0 

•372 

•1087 

108-7 

121-5 

1-257 

2212 - 

•0002212 

■3893 

2/0 

•348 

•09511 

96-11 

108-9 


1935- 

•0002528 

•4460 

1/0 

•324 

•08245 

82-45 

90-90 

•9534 

1678- 

•0002917 

•5133 

1 

•300 

•07069 

70-09 

85-41 

-8176 

1439- 

•0003402 

•5987 

2 

•276 

•05983 

59-83 

74-49 

■6921 

1218- 

•0004019 

•7073 

2 

•252 

•04988 

49-88 

64-17 

•5767 

1015- 

•0004821 

•8484 

4 

•232 

•04227 

42*27 

56-02 

•4888 

860-2 

•0006688 

1001 

o 

•212 

•03530 

35-30 

48-33 


718-4 

•0006810 

ri99 

6 

•192 

•02895 

28'95 

41-07 

•3347 

589-1 

■0008307 

1-462 

7 

•176 

•02433 

24*33 

35-61 

•2813 

495-1 

•0009881 

1*739 

8 

•160 

■02011 

20 11 

30-46 

•2325 

409-2 

•001196 

2-104 

9 

•144 

•01629 

16*29 

25 -63 

•1884 

331-5 

•001476 

2-598 

10 

•128 

•01287 

12-87 

21 13 

•1488 

231-9 

•GO 1868 

3-288 

11 

•116 

•01057 

10-57 

17-98 

•1222 

215-1 

•002275 

4'004 

12 

•104 

•008495 

8-495 

15-03 


172-9 

002831 

4-982 

13 

0-92 

•006648 

6-648 

12 -29 , 


136-3 

003617 

6-366 

14 

•080 

•005027 

5-027 

9-775 

•05813 

102-3 

004784 

8‘419 

15 

•072 

•004072 

4-072 

8-223 


82-87 

006904 

10-39 

16 

•064 

•003217 

3*217 

6-779 


65-47 

007478 

13 16 

17 

•056 

•002463 

2-463 

5-445 


60-12 

009762 

17*18 

18 

•048 

•001810 

1-810 

4-230 


36-83 

•01328 

23*38 

19 

•040 

•001257 

1-257 

3t37 


25-68 

•01913 

33*67 

20 

•036 

•0010182 

1*018 

2-638 


20*72 

•02362 

41*67 
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Particulars of Copper wires S, W. 0. (coitcld.). 


Standard wire Gauge. 

Ampered 

i 

Amperes 
at I.E.E. 
standard 
current 
=2-6 
(area)^82. 

1 

W eight. 

Resistance. * 

s.w.a 

Diam. 

Area =3 
d2 X *7864. 

1000 per 
sq. in., 
loss =2^ 
volts 
per 100 
yards. 

lb. per 
yard. 

lb. per 
mile. 

Ohms.pei 

yard. 

Ohms. 
^ per 
mile. 

21 

•032 

•0008048 

•8042 

2 142 

•009301 

16-37 

•02990 

62-62 

22 

•028 

•0006154 

•6158 

1-747 

•007120 

12-63 

•03905 

68-72 

23 

•024 

•0004521 

•4524 

1 

• • 

•005231 

9-206 

•05316 

93-55 

24 

•022 

•0003802 

•3801 

• • 

•004395 

7-735 

•06324 

111-3 

25 

•020 

•0003145 

•3142 

• • 

•003633 

6-394 

■07664 

134-7 

2(5 

•018 

•(M)02642 

•2545 

• • 

•002943 

6-179 

•09449 

166-3 

27 

•0164 

•000211 

•2112 

• « 

•002442 

4-298 

•1139 

200-4 

28 

•0148 

•0001720 

•1720 

• » 

•001989 

3-500 

•1398 

246 0 

2ft 

•0136 

•0001453 

•1453 

• • 

•001680 

2-957 

•1656 

291 3 

30 

•0124 

•0001208 

•1208 

• « 

•001397 

2-458 

•1990 

350-3 

31 

•0116 

•0001057 

•1057 


•001222 

2-151 

•2275 

400-4 

32 

■0108 

■00009161 

•9161 

• • 

•001059 

1-864 

•2625 

462-0 

33 

•0100 

•00007854 

•07854 

• « 

•0009080 

1-598 

•3061 

538-8 

34 

•0092 

•00006648 

•06648 

• « 

•(KJ07688 

1 -353 

•3617 

636-6 

35 

•0084 

•00005542 

•05542 


•0006409 

1-128 

•4339 

763-6 

36 

•0076 

•00004536 

•04536 


•(K)05245 

•9231 

•5301 

933 0 

37 

•0068 

•00003632 

•03632 


•0004200 

•7391 

•6620 

1165- 

38 

•0060 

•00002827 

•02827 

• * 

•0003269 

•5763 

•8606 

1497- 

39 

•0052 

•00002124 

•02124 

• • 

•0002456 

•4322 

1-132 

1992- 

40 

•0048 

•00001810 

•01810 

• • 

•0002093 

•3683 

1-328 

2338* 

41 

•0044 

•00001521 

•01521 

t « 

•0001759 

•3095 

1-681 

2782* 

42 

•0040 

•00001257 

•61257 

• • 

•0001453 

•2658 

1-913 

3.367- 

43 

•0036 

•00001018 

•01018 

• « 

•0001177 

•2072 

2-362 

4167- 

44 

•0032 

•000008042 

•00804^ 

• ■ 

•00009301 

•1637 

2-990 

6262- 

45 

•0028 

•000006158 

•006158 

* • 

•00007120 

•1253 

‘3-906 

6872- 

46 

•0024 

000004524 

•004524 

« • 

•00005231 

•09206 

>5-316 

9355- 

47 

•0020 

•000003141 

•003141 

• t 

•00003632 

•06392 

7-654 

13470* 

48 

•0016 

000002011 

•002011 

• • 

•00002325 

•04092 

11-95 

21040- 

49 

•0012 

•000001131 

•001131 

• 

•00001308 

■02302 

31-26 

37420- 

50 

•0010 

•0000007854 

•0007854 

• • 

•00(XI0908 

•01698 

30-61 

53880- 

ISq. 
om. f 

*4442 

•1550 

155 0 

162*6 

1-792 

3154 

0001661 

•2730 
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Details of Conductors, {Electric Light Cables, etc.). 






Resistance 



Diam. of 

Diam. of 

Area, 

at 60® F. 

Weight i>eT 

W.G. 

each wire. 

the strand. 


per hK)0 

1000 yards 





yards. 



ins. 

Ins. 

Sq. in. 

Ohms. 

lbs. 

3/25 

0-020 

•043 

0 -(-0096 

25-955 

U 

3/24 

0-022 

•047 

0-00116 

21-464 

13-5 

3/23 

0-024 

•052 

0 -00138 

18-026 

16 

3/22 

0-028 

•060 

0-00188 

13-243 

22 

3/21 

0 032 

•069 

0 -00246 

10-144 

28 

3/20 

0-036 

•078 

0-(K)311 

8-0118 

36 

3/10 

0-040 

•086 

0-00384 

6*4899 

44 

3/18 

0-048 

•103 

0-0056 

4 '5066 

64 

7/25 

0 -020 

0 -060 

0 -im'Z 

11-124 

25-5 

7/24 

0 -022 

0 -066 

0 -0027 

9-1962 

31-5 

7/23 

0 -024 

0-072 

0-0032 

7-7266 

37 

7/22 

0 -028 

0-084 

()-(X)43 

6-0757 

61 

7/211 

0-030 

0-090 

0-0050 

4-9446 

58 

7/21 

0-032 

0-096 

0 -0057 

4-3400 

66 

7/204 

0-033 

0-090 

0-0064 

4-0864 

75 

7/20 

0-036 

0-108 

0-0072 

3-4336 

84 

7/19 

0-040 

0 120 

0-0089 

2-7813 

KM 

7/18 

0 -048 

0-144 

0-0129 

1-9314 

141> 

7/17 

0-056 

0-168 

0-0175 

1-4190 

203 

7/16 

0-064 

0-192 

0-0220 

1-0864 

266 

7/15 

0-072 

0-216 

0-0290 

0-8584 

336 

7/14 

0-080 

0-240 

0 -0358 

0-6953 

415 

7/13 

0-092 

0 -276 

0 -0474 

0-6257 

549 

7/12 

0-104 

0-312 

0-0606 

0-4114 

701 

7/11 

0-110 

0-348 

0-0754 

0-3;^)7 

872 

7/10 

0-128 

0 -384 

0-0918 

0-2716 

1062 

7/9 

0-144 

0-432 

0 -1162 

0-2146 

1343 

7/8 

0-J60 

0-480 

0 -1435 

0-1752 

1660 

7/6 

0-192 

0-576 

0-2067 

0-1207 

2390 

19/24 

0-022 

0-110 

0-0073 

3-3877 

85 

19/23 

0-024 

0-120 i 

0-0087 

2-8463 

101-6 

19/22 

0-028 

0-140 i 

0-0119 

2-0910 

138 

19/21 

0-032 

0-160 ; 

0-0156 

1-6011 

180 

19/20 

0-036 

0-180 ! 

0-0197 

1-2650 

228 

19/19 

0-040 

0-200 

9-0244 

1-0247 

282' 

19/18 

0-048 

0-240 

0-0351 

0-7115 

406 

19/17 

0-056 

0-280 

0-0478 

0-5228 

553 

19/16 

0-064 

0-320 

0-0624 

0-4002 

722- 

19/16. 

0-072 

0-360 

0-0790 

0-3162 

914 

19/14 

0-080 

0-400 

0-0976 

0-2661 

1128 

19/13 

0-092 

0-460 

0-1290 

0-1937 

149J. 

19/12 

0-104 

0-62v> 

0-1649 

0-1615 

1900 

i9/ll 

0-116 

0-680 

0-2052 

0-1218 

2372 






681 

Details of Cowdiectors.—(ooncliided). 


W. G. 

Diam. of 
each wire. 

Diam of the 
strand. 


Ins. 

Ins. 

J9/10 

0*128 

0-640 

19/9 

0*144 

0*720 

19/8 

0*160 

0*800 

19/7 

0*176 

0*880 

31124: 

0*022 

0 *164 

37/23 

0 024 

0*168 

37/22 

0*028 

0*196 

37/21 

0*032 

0*224 

31120 

0-036 

0-252 

37/19 

0-040 

0*280 

37/18 

0*048 

0-336 

37/17 

0*056 

0 -392 

37/16 

0*064 

0*448 

37/15 

0-072 

0 -504 

31114: 

0*080 

0-560 

37/13 

0*092 

0 *644 

37/12 

0*104 

0*728 

37/11 

0*116 

0*812 

37/10 

0*128 

0-896 

37/9 

0*144 

1 -008 

37/8 

0*160 

1 -130 

<>1/24 

0*022 

0*198 

01/23 

0*024 

. 0 *216 

01/22 

0*028 

0-252 

01/21 

0*032 

0-288 

01/20 

0-036 

0-324 

01/19 

0-040 

0-360 

61/18 

0 048 

0-432 

01/17 

0*056 

0-.W4 

61/16 

0*064 

0-576 

•61/15 

0-072 

0*648 

01/14 

0*080 

0*720 

61/13 1 

0*092 

0-828 

61/12 1 

0*104 

• 0*936 

61/11 1 

0*116 

1*044 

61/10 1 

0*128 

1-152 

91/18 i 

0*048 

0*52fe 

91/17 : 

0*056 

0*616 

91/16 

0-064 

0 *704 

91/15 

0*072 

0-792 

91/14 i 

0-080 

0*880 

91/13 j 

0-092 

1*012 

91/12 

0*104 

1*144 

91/11 

0*116 

1*276 


Area. 


Weight per 
1000 yards. 

bq. ins. 

Ohms. 

Ibe. 

0*2498 

0 *1000 

2888 

0*3162 

0*07906 

3655 

0-3904 

0*06406 

4513 

0*4724 

0*05292 

5461 

0-0143 

1 -7396 

165 

0-0171 

1 *4647 

198 

0-0233 

1 *0737 

270 

0*0304 

0*8222 

352 

0-0386 

0*6496 

446 

0*0476 

0*5262 

550 

0*0686 

0*3654 

793 

0*0934 

0*2684 

1080 

0*1220 

0*2055 

1410 

0*1544 

0*1624 

1785 

0-1906 

0*1315 

2203 

0*2521 

1 0*09947 

2914 

0-3221 

0*07783 

3723 

0 *4008 

0*06265 

4633 

0*4880 i 

0-05138 

5641 

0*6176 

0 -04060 

7140 

0*7625 

0*03288 

8815 

0-02378 

0-0551 

275 

0-02831 

0*8865 

327 

0-03854 

0*6583 

446 

0-0503 

0-4287 

572 

0-0637 

0-3940 

736 

0*0786 

0*3191 

909 

0-1132 

0-2216 

1309 

0*1541 

0-1628 

1781 

0*2013 

0*1246 

2327 

0 *2548 

0*09850 

2945 

0-3145 

0-07979 

3636 

0-4160 

0*06C'33 

4809 

0-5316 

0*04721 

6145 

0*6614 

0-03795 

7646 

0-8053 

0-03116 

9309 

0-1692 

0*14857 

1956 

0*2302 

0-10915 

2661 

0*3007 ! 

0*08357 

3476 

0-3806 

0-06603 

4400 

0 -4699 

0-05348 

5432 

0*6215 

0-04044 

7185 

0*7942 

0*03164 

9181 

0*9881 

0*02543 

11422 
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WeigU of 100 feei of wire of different metals. 


Gauge 

No. 

Thioknbss S. W. 

G. 

Thickness B. W. G. 

Iron. 

Steel. 

Brass. 

Copper. 

Iron. 

Steel. 

Brass. 

Copper. 

• • 

• • 

• » 


* • 

30-58 

30-92 

33*43 

36-17 

1 

23-4 

24 0 

25*7 

26-8 

25-75 

26-04 

28-16 

29-62 

2 

19-6 

20*1 

21-6 

22-5 

21-34 

21-67 

23-32 

24*64 

3 

16*4 

16-8 

181 

18-8 

18-02 

18-22 

19-70 

20-72 

4 

13-8 

14-3 

15-2 

16-8 

15*11 

16-28 

16-52 

17-38 

5 

11-6 

11-9 

12-7 

13-4 

12-46 

12-69 

13-62 

14-33 

6 

9-5 

9-7 

10-5 

10*9 

11-45 

11-57 

12-61 

1316 

7 

8-0 

8-2 

8*8 

9*2 

9-25 

9-35 



8 

6*6 

0-8 

7-3 

7*6 

7-29 

7-37 

7-97 

8-38 

9 

6-3 

5*4 

5-8 

6-1 

6*60 

6-68 

7-22 

7-59 

10 

4*23 

4-34 

4-65 

4-99 

4*96 

5-02 

6-43 

5-71 

11 

3-46 

3-65 

3-80 

4-00 

4 13 

4-18 

4-62 

4-75 

12 

2-80 

2*87 

3-08 

3-22 

3 14 

3-18 

3-43 

3-61 

13 

216 

2-22 

2-37 

2-48 

2-.34 

2*36 

2-65 


14 

1-60 

1-70 

P83 

1*91 

1*69 

1-71 

1-85 

1-96 

15 

1*33 

1-36 

1-46 

1-53 

1*37 

1-39 

1-50 

1-68 

16 

1*06 

1-08 

1-16 

1-22 

1-06 

1-06 

1-16 

1-21 

17 

•80 

•82 

•88 

•92 

•80 

•81 

•87 

•92 

18 

•60 

•62 

•86 

•69 

•61 


•67 

•70 

19 

•40 

•41 

•44 

•46 

•47 

•48 

•61 

•54 

20 

•33 

•34 

j 

1 

•36 

■38 

•b2 

*33 

■34 

•37 


In order to find the section of wire required between two stations when the 
values of current, E. M. P. and the distance betwen two stations is known, use 



Also resistance increases or decreases as the length of the wire increases 
or decreases. If L=length of wire < 


BxlOOO 

then the value of R for 1000 yards =-, 

L 

See this value in column No. 6 in the tables above. (Resistance at 60® I. 
per 1000 yards) and find the area of wire and its number against the result. In 
CH^se the temperature is other ti^an 60®, then corect for 60®. 
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Example .—It is required to connect two stations 100 feet apart. The current 
flowing is 16 amps, and its E. M. P. =‘6 volts. Find the section of the wire. 

Length of wire=2x 100 =200 feet. 

Re«i8tance=-~ = = :^Ohm, 

\j 15 aJO 

• • 

for a length of 3,000 feet, Resistances=si^225l2i2_rv.e 
^ 2viOX30*^ ° 

By looking at the table wo find the following :— 


Resistance at 60® F. 
Area in square inches 
Diameter of the strand 
Do. (‘ach wire 
No. of S. W. G. 


•6267 

•6228 

*6262 

•4987 

•0474 

•0478 

•0476 

•0603 

•276 

•280 

•280 

•288 

•092 

•066 

•040 

•032 

7/13 

19/17 

37/19 

61/21 


Use any of the above 4 wires but 19/17 is best both as regards cost and 
resistance. 


OVER HEAD TRANSMISSION LINES. 

Size of Copper Conductors, 

Killo-watt X length (L) X K. 

A -- 

E^xloss per cent. X P. F. 

Where—^A=Sectional area of conductor in square inches. 

L=Length in yards. * 

E=Voltago at feeding point. 

P.F=Power factor which varies fjom *7 to *96 ; average value=*8 
K has following values. 

For continucMS current or single phase A. C ,:— 

For single conductor .. .. .. .. =2*6 

For two conductors, i. e. 2 wire system .. .. ., =4*9 

For 3 wire system .. .. .. . =1*26 

In practice the neutral or middle wire is taken as half the area of an outer 
wire. 
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For alternating Current :— 

Each conductor of 2 phase 4 wire systK'm .. ,. =s=2'6 

Each conductor of 3 phase mesh .. ..=2*5 

Each conductor of 3 phase star connection .. ..=2*5 

The modern movement towards the production of electricity in bulk in the 
Hydro-Elecrio Stations and its distribution over wide areas has given increased 
importance to overhead lines. 

Example .—Find the size of wire required for delivering 1000 K. W. at a 
distance of 8000 yards from the generator at a pressure of 6285 volts with 6 % 
line loss. 


.*. Initial pressure=660() volts, 
and the power at generator will be=1060 K. W. 

« 1050 

Current=;r^- = 159 amp; 

06UO ^ 

1. For direct current^ 7“?*- 

X Line drop in V. 

* 159 X 8000 

X 315 

2. Three phise transmission by general formula, 

1000 X 8000 X 2 *5 __ -loi 

^ ~ 6285 X 0285*x5 XP.F. “ pTr 

By substituting the value of the P. F. the size of the wire m square inches, 
can be found out. 


3. Three phase with neutral 


628f 


As the voltage is betAveen any wjrc and the neutral, its value 


=3630^ 


and Load 


1000 


K. W. 


If the P. F. =*9, the apparent loads«^^H!?-- 37 o 

*9 ' 


. r. 4 . 870X1000 , 

Current =- =102 ainps. . 

Now line drop at 6% of 3630 = 1^1 volts. 

• 181 

Total Resistance = -j^ = l-78 ohm. for 8000 yards .-. R. per 1000^ 


yards = *222 ohms. 
See tables 


3/0 8. W. G. copper wire will do. 
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Strength of Poles. 

In calculating the strength of poles required for any overhead line the wind 
pressure on the whole structure, including wires and poles, has to be considered. 
The following is the formula for calculating wind pressure on wires;— 
F=-0656XdXpXnXL. 

Where F=wind pressure on wires of span. 

L=length of Span in feet. 
d=diameter of wire in inches. 
n=number of wires. 

p=Max. assumed wind pressure depending on locality in India. 

Wind pressure on pole—Total height X t6£6 d X p. 

Table of tvind pressure on various wires assuming P=15 
2J and 25 lbs. per sq. foot. 


Span. 

10 S.W. G, 

8 S.W.G. 

4 S.G.W. j 

2S.W.G. 

1/10 S.W.G. 


P. in lbs. 

15 

20 

2^ 

15 

20 

25 

16 

i 

1 


25 

15 

1 

20 

25 

15 

20 

25 

150 

210 

16 

22. 

21*3 
, 30 

3:1- 

47 

28 

26i 

37i 

1 

! 

1 ' 

1 

33-2 

47 

29 

41 

38 

54 

i 

1 

48 

68 

i 

34 

48 

1 

46 

64 

57 

81 

41 

57 

54 

76 

67 

95 


How to find the Sag of the Conductor. 

Let S—span of wire in fe,et. 

L=length of wire in feet at minimum dip. 

W=total pressure on wire in lbs. per foot. 

W= -v/u> 24 -pa where w=weight of wire in lbs. per foot, and 
P=wind pressure per foot length in lbs. 

P= *0656XdXp where d«=dia. of wire in inches, and 
p=wind pressure lbs. per square foot take 25 lbs. for Great Britain but 
about 40 to 50, and piore, in cyclones, etc. 

Tssmaximum stress lbs. oii With at insulator3=Ba-!-r, 

B =3ultimate breaking stress of hard drawn copper wire; 
aa.50,000 to 60,000 lbs. per sq. in. for Wires larger than No. 1 S. W. G., or 
60,000 to 66,000 lbs. fpr wires smaller than Np. 1 S. W. G., but this 
varies with the degree of hardness to which the wire is dravhi. 
F=factor of safety, taken generally at 4 or 5, but in countties where 
snow and ioe burden wires, a safety factor of 6 to 7 is not uncommon. 
<z=:crpss sectional apea of wire inisquam inches. 
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D=minimum dip in feet, that is, the dip at lowest temperature to be 
experienced where wire is erected. 

82 XW. 


D 


L=S- 


8 T * 
, 8 D2 



;> 8 

Lt=lengthof wire in 
feet with 
maximum dip. 

Li=L4-(Lx *00000956 

Xf) where *00000956 is the length expansion coefficient of copper 
per degree Fah. 

<=temp. (in degrees Fah.), rise above the lowest temp, to be experien¬ 
ced. 

/TTi 

1)1—max. dip. experienced=^-s- '—{Mdksworth.) 

It is not necessary for most small projects to work out this in detail, but it 
will always be necessary to do so in case of transmission lines involving long 


spans. 

Coat of Tranamisaion Lines. 

This depends on many things, such as type of posts, size of wires, pressure 
of the line, etc., but the average price where lattice posts are used and where 
the size of the wires used is from No. 8 S. W. G. to No. 1 S. W. G., varies from 
Rs. 6,000 to Rs. 10,000 per mde. 

Care should be taken that the brackets for the posts are so designed that 
a bird while sitting on it cannot earth the wire. 

Table giving Dips and Strains for 150 feet spans for all gvages. 

Worst Temperature 2TF.. na innd fnrinr of aafrlu 


Temperature 

F®. 

Dip 

Inches. 


STRa 

1 i.rts , 



10 S,W.G. 

8 S.W.G. 

4 8.W.G. 

2/OS.W.G. 

4/OS.W.G. 

22 

9 

190 

295 

620 

1376 

1820 

32 

14 

121 

2.0 

• • 

j 

• • 

* • 

42 


96 

148 

310 

700 

920 

52 


82 

126 

265 

600 

800 

62 


72 1 

112 

235 

520 

700 

72 

25 

66 1 

100 

215 

480 

630 

82 

28 

60 

94 

197 

440 

690 

92 

30 

53 

88 

184 

416 

i 660 

102 

32 

52 

80 

• • 

• • 


•112 

34 

50 

■ • 

• • 

• • 

• • 

182 

44 

• • 

• • 

• • 

• « 

i 

BtOaking Strain . .1 

1 &30 

1260 

2560 

5430 

7030 
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When wires are erected, they should be pulled up either to the dips or the 
strains calculated for the temperature at the time of erection. 

Stresgee on polea at angle. 

8=2 Xp X Cos-| 

Where S=sreaultant horizontal stress (lbs.) 

p =total Working stress of wires in line. 

a =shorizontal angle enclosed by wires at point of change of direction. 

Strength of ataye. 

W=: 

Sin b. 

Where W=streS8 in stay wire (lbs.). 

S==resultant horizontal stress on pole. 

b=vertical angle between stay wire and pole. 

POLES. 

Hamilton sectional steel poles are used by India Telegraph Department and 
are suitable for ebotric power lines where carriage is of difficult nature. They 
are not suitable for permanent electric power. Steel tubular poles are largely 
used. It is desirable to lap th? buried ends of steel poles with tarred gunny as a 
preservative. 

Steel lattice poles built up of angle or channel section with cross bracings 
are suitable for sp.^cial terminal construction or transmission lines along roads. 

Reinforced concrete poles are also used. They are cheap and easy to manu* 
facture; but require careful supervision in construction and great care in erec* 
tion. 

Tensile Strength and Conductivity of Wires. 


Description of wire. 


j Tensile strength 
! in tons per sq. 

’ inch. 


Conductivity 
per cent. 


Silicium-Bronze Telegraph and Electric Light 

From 

to 

From 

to 

wire, High conductivity t 

Silicium-Bronze Telephone line wire for long 

20 

33 

90 

96 

distances 

Silicium-Bronze Telephone (local) and spring 

40 

60 

34 

40 

wire 

60 

66 

20 

80 

Phosphor-Bronze wire 

40 

66 

20 

30 
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Ttnsile StfengA and Gond/uctivity of Silicium Bronze and Phosphor Bronze Wire. 

The diameter in each case being 1 millimetre. 


( 

i 

1 

Description of wire. 

Tensile 
strength in 
tons per 
square inch. 

Besistance 
per mile 
in Ohms. 

Eelative 

conducti¬ 

vity. 

Pore copper 

17-78 

33*1 

100 

Kilicium-Bronze (Telegraph) 

28*66 

34-5 

96 

„ „ (Telephone) 

48-26 

103 

M 

Phosphor-Bronze ( „ ) 

45-71 

124 

26 

Swedish Galvanized Iron .. 

22-86 

216 

16 

Galvanized Bessemer-steel .. 

26-40 

249 

13 

Siemens-martin steel 

26-67 

266 

12 


Electric Lighting and Fans, 

('hirreut taken by a lamp =- 

30 

Examph»-—A 220 Volt, 30 Watt lamp takes or 34 amp. (approx.). 


Table showing total number of units consumed by a lamp in 30 days. 


8 ize in Wattd, 


in hours. 


20 

4 


40 

60 

60 

100 

130 

160 

20l> 

1 

•3 

-6 

*9 

1-2 

1-5 

1 -8 

3-0 

1 

1 3-9 

4-5 

! 6-0 

2 

•6 

1-2 

1-8 

2-4 

3 -0 


6-0 

7-8 

9-0: 12 

3 

•9 

1-8 

2-7 

3-6 

4-.') 

5-4 

9-0 11-7 

13-6; IS 

4 

1*2 

2-4 

3-6 

4-8 

6-0 

7*2 

12 

15-6 

18! 24 

o 

1*5 

3*0 

4-6 

6-0 

7-6 

9-0 

16 

19-6 

22-6 

.30 

6 

1*8 

3*6 

6-4 

7-2 

9-0 

10‘8 

18 

23-4 

27-01 36 

7 

2*1 

4*2 

6-3 

8-4 

10 -6 

12-6 

21 

27-3 

mi%m 

42 

8 

2*4 

4-8 

7-2 


12-0 

14-4 

24 

31-2 

36-0 

48 

9 

2*7 

5*4 

8-1 

10-81 

13 -6 

16-2 

27 

35-1 

40-6 

64 

10 

3*0 

6-0 



16 0 



39-0 

46*0 

60 

11 

3-3 

6-6 

9-9 

13-2 

16-6 

19-8 

33 

42-9 

49-5 

66 


3-6 

7*2 

im 

14-4 

18-0 

21-6 

36 

46-8 

64-0 

4 Z 


I.C.P. = 1*7 to 2 Watts ffor metallic filament lamps). 
I,0.P.<=3 to 3 *6 Watts (carbon filament lamps). 
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Current Pressure and Power. 


D. C. in K. Watts 


For li. P. multiply theii^ 

. m » A A -rm 


Amps. 

1 

llOV. 

1 

220V. 

500V. 

1 . . _ 

llOV. 

230V. 

400V. 

1 

•11 

•22 

1 -5 

•191 

•397 

•692 

2 

•22 

•44 

i 1 

•381 

I -794 

1*384 

3 

•33 

*66 

1-6 

•572 

1*19 

2*07 

4 

•44 

•88 

2 

■764 

1 -588 

2-768 

6 

•55 

1*1 

2-5 

•955 

1*985 

3*460 

6 

*66 

1-32 

3 

1*14 

2*382 

4 -162 

7 i 

*77 

1-54 

3*5 

1-33 

2*78 j 

4*844 

8 

•88 

1-7^ 

4 

1-52 

! 3 -176 

6*636 

9 

•99 i 

1-98 

4*5 

1-71 

3*673 

6*228 

10 

11 

2*2 

5 

1-90 

3*97 

6*92 

20 

2*2 

4*4 

. 10 

3-80 

7-96 

13*84 

50 

5-5 

11 

2-5 

9*5 

19*85 

34.6 

100 

11 

22 

50 

19 

39*7 

69.2 

200 

22 

44 


38 

79*4 

138*4 

500 

55 

no 


95 

198-6 

346 
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USEFUL TABLES FOR FANS. 
Standard Speed, 



Output 0 . ft. 

pi min. “ 

hour. ^ 


1 

9-^ ! 

1 

1350 

25 

•025 

400 

•6 

12 

1000 

40 

•04 

800 

•8 

15 

800 

60 

•06 

1200 

1-2 

18 

650 

75 

•075 

1700 

1*7 

21 

575 

100 

■1 

2400 

2*4 

24 

500 

130 

•13 

:iooo 

3 1 

30 

400 

200 

•2 

5000 

4 9 

36 

350 

275 

•276 

7000 

7-0 

42 

300 

375 

•375 

10,000 

i 9-6 

48 

250 

450 

•45 

! 12,000 

12-5 

54 

225 

575 

•575 

15,000 

15-9 

60 

200 

700 

•7 

19,(K;0 

19-6 

66 

180 

850 

•85 

23.000 

23-8 

72 

175 

1,000 

1*0 

28,000 

28-2 


USEFUL TABLES FOR FANS. 

High Speed, 



Power re¬ 
quired, 
W atts. 


B. of T. 
unit per 
hour. 



Output c.ft. Area of fan 
per minute, in sq. ft. 


34,000 

42,000 

48,000 


•5 

•8 
1-2 
1-7 
2’4 
3*1 
4-9 
7*0 
9-6 
12-6 
16-9 
19'6 
23-8 
28*2 
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Lighting of Streets and Roads, 

Illumiaation varies inversely as the square of the distance, t.e., one C. P. 
gives one unit at a distance of 1 foot, 16 C. P. gives one unit at 4 feet, and 100 
C. P. gives one unit at 10 feet. 

Average Minimum IlluminaAim. 

Main thoroughfares .. .. .. *05 candlo feet. 

Side streets .. .. .. *026 candlo feet. 

Suburban streets .. .. .. *005 candle feet. 

{Molesworth), 


TahU showing the Intensity of Illumination required in different places. 


Places. 

Foot Gandies 
! Required. 

I 

Auditoriums, Theaties 

• 

• t 

1 

1 1 

to 3 

iiuukkeeping 

• • 

• • 

1 3 

*> 6 

Corridors, Halls 

• • 


! -5 

M 1 

Assembly Halls and Church<'s 

• • 

• • 

1 -76 

» 1*5 

Drafting Hooms 

• • 

• • 

6 

» 10 

Desk Lighting 

• • 

• • 

2 

6 

Engraving 

• • 

• • 

5 

» 10 

Factories, Qoneral, where individual dro])s 

are used 

• » 

2 

3 

„ Complete, no individual drops 


• • 

4 

„ 5 

Hotel Halls 

• • 

• • 

1 

„ 6 

„ Rooms 

• • 

» • 

2 

„ 3 

Offices (Waiting Rooms) .. 

» • 

• a 

1-26 

„ 2'6 

,, (Private) 

• • 

a a 

2 

3 

„ (CeneraJ) 


• - 

.3 

„ 4 

„ (where desk lights are used) 

• • 

a • 

1-5 

2-6 

Post Offices 

• • 

a • 

2 

M 5 

Reading 


a • 

1 

» 3 

Residences .. ■ • • 

• • 

• a 

1 

M 3 

Shops (Light Goods) 

• • 

• * 

2 

M 3 

„ (Dry Goods) 

• • 

a « 

4 

» 6 

„ (Clothing) .. • ■ • 

• • 

• a 

4 

» 7 

Shop Windows 

• • 

• a 

6 

t» 20 

School Rooms 

• 

• • 

2 

M 3 

Saloons, Caf-^s, depending on effects .. 

• • 

• • 

2 

» 5 

Stations (Waiting Rooms) 

• • 

• « 

1*5 

» 2*6 

Train Sheds 

• s 

• • 

1-6 

» 2 

W arehouses 

• • 

• • 

1*6 

»i 2 
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Ar<’ Lamps, 

Arc lamps are more economical, giving about 6 times the light for the same 
consumption of electricity. For indoor use 7 ampere continuous or 11 ampere 
alternating arc lamps and for out-door use not less than 10 ampere continuous 
or 15 amps, alternating current. Arc lamps are best burnt in series. An 
arc lamp requiring a current of 10 amps, at an E. M. F. of 50 volts 'will give a 
light of 1,000 to 1,500 candles, and 'Will require approx. 1 H. P. to supply it. 
They are most economical for street lighting. The smallest size requires 6 amp. 
at 50 volts giving 300 C. P. uses 3 B. O. T. and should be 30 feet high and 240 
feet apart. 


Fuse Wires. 
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Heating and Cooking by El&ciriciby. 

The therm or gramme calorie is the G. G. S. Unit of heat, and is represent' 
ed as the quantity of heat required to raise one gramme of water, 1 de^ee 
centegrade. 

Therms XO ’003968 give B. Th. units. 

The British thermal unit is the heat required to raise one pound of water 
1 degree Fahrenheit. 

B. Th. unit X 261 ’996 gives gramme calories. 

„ X.251996 gives hilograme calories. 

„ „ X 778 give feet lbs. 

„ ,, per second X 1*4146 give H. P. 

A current of 5 amps, at 2o0 volts will raise one pint of water in a well’designed 
electric kettle from 6*j® F., to boiling point in about 4 minutes. 

The time required to boil a given quantity of water with a heater of known 
wattaa^e is approximately given by the formula. 

Time in minutes=3700-X pints “rwatis.(Kemp). 


DYNAMOS AND MOTORS. 


Electrical energy is mainly utilised by means of Dynamos and Motors. 

Dynamos are machines by which mechanical energy is transferled into elec¬ 
trical energy at the point wher e the source of mechanical energy is located. 

Motors are machines by which electrical energy is transferred into mechanical 
energy at the point where it is meant to be utilised. 

The use of Dynamos and Motors is due to the simplicity and efficiency of 
electrical connections and the enormous economy of energy in its transmission 
at long distances. 

I.— To find power required to drive a Dynamo — 

If a Dynamo gives an output of lOO amperes at an electric pressure of 100 
voUs, with a commercial efficiency of 85 %, the power required to drive it=lC0 X 


lOOX— watte H. V.-.16-7 B. H. 1>. 

85 85X746 


As there is always a certain amount of power required to overcome the 
friction, &c., it is necessary to make a still further allowance of about 15 % 
in large engines and of about 25% in small engines between the B. H. P. and 
the 1. H. P, 

II.— To find the power available from an electric motor — 

The actual power required at the terminals of a motor to give one effective 
B- H. P. at its spindle depends qpon the efficiency of the motor, which varies 
from 86 to 92%. If, therefore, the efficiency is 86% watts required at the termi- • 
nals to give one B H. P. at the spindle 


inn 

«746x^;*=877’7, say 900 watts. 
85 


It is usual to supply power to a motor at the rate of 1 kilowatt per lat^ 
Horse-power. 
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III. — To find the electric preasvre or waits lost in resistance of the cables — 

The volts lost in a cable=tho product of resistance in o*h.in.s. and the 
current flowing tlirough the cableF=^CK. 

It must be remembered that the length of the cable is double the distance 
between the dynamo and the motor to allow of the return conductor, and the 
resistance should be calculated accordingly. 

Example. —To find the loss on volts in a 19'/16 cable, (i.c., a cable < cmposed 
of 19 wires each of No. 16 S. W. G. orO‘()C4 inch in diameter) one mile in 
length with a current of .30 amperes. 

Resistance of 1000 yards of cable*=4^02 o.h.m. (page 580). 

1760 

,, I mile=‘4002 X= *7044 o.h.m. 
volts lostp=.7044X30»=:21 *13 volts. 

In a current density of 1000 amperes per square inch sectional area of 
pure copper conductor, the loss in volts=6 volts xicr KjO yaids route, t.e„ 
2^ volts in flow, and 2| volts in return, or more accurately volts per mile 
route. 

Every 100 cubic inches of copper ab&orbs 1 H. I*, approximateh. 

IV. — To find the loss of power in a watts in a given cable — 

Watts lost=C2R. Where C= current in amperes. 

R= Resistance in o.h.m.s. 

Example. —To find the watt.s lost in a mile of 19/16 cable when carrying a 
current of 30 amperes. 

Watts lost=(30)2x.7044=633*96 watts. (See example above). 

Thus to find out the capacity of the various pieces of an Electric al Plant, 
^wo should proceed from the power required at the spindle of the motor to the 
watts required at its terminals; then allowing fer the resistanci*, We should 
find out the Brake Horsc-poWer required at the dynamo pulley, and finally 
calculate the Brake or the Indicated Horse-PoW’ei^of the engine required to run 
the dynamo. 

Example. —^Find B. H. P. required to 'drive a 10 kilo\\atts dynamo, the 
efficiency of the same being, say 80%. 

B. P. on dynamo pulley 

Which-20 *96 I. H. P. 

1 H. P. is taken 25% extra >n the average. 
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EfficieTicy of Transformers. 


OUTPVT. 

No Load Iron 
Losses. 

Efficiency %. 

K. Ws. 

W. 

% of 
full load. 

Full 

Load 

|load. j ^ load. 

1 

load. 

* 1 

load* 

I 

5 

10 

20 

o(> 

100 

40 ] 
75 
1(0 
J80 
4(4) 
700 


93-6 
90*3 
96-5 
97 0 
98-0 

' 98*2 j 

93 91-2 

96-2 ( 95'8 

96*5 1 ‘:6'4 

97'0 1 97*0 

98-0 98 0 1 

98-2 98-2 

i 

85 1 
94 0 ! 
95'5 
95-8 
9«-8 
97-0 

71 

86-7 

910 
91*6 
9.2*3 
93 *2 


f .—Direct cyrreni Effii'isncy of M iors .— 


Output B.JI. P. 

1 

2 

« 

1 

1 

1 

5 

[ \ 

1 

! 10 20 

1 25 

50 

Eflieiency % 


82 

8: 

84 

86' 87 

89 

91 

Output B. E .P. 


1(^0 

15( 

2C0 

1 • . ! 

• • 

• • 

EtHcieiicy % 

1 

■ 

92 


93 

! • • i • • 

1 1 

• • 

• • 


II. —A. G. Pohwhase IndvcHon Motors, 


B. If. P 
Eflitdoncy 


10 20 i 

86 88 

Efficiency 

50 100 

89 90 

of Dynamo. 

150 200 

91 92 

250! 300 

92 93 

Output in 
K. Ws. 

Exciting 
watts % of 
full load. 

1 

Losses in 
araaature % 
j of full load. 

Full load 
elect, 
offic-ieney. 

Full load 
commercial 
ellicicncy. 

Combined 
efficiency of 
engine and 
dynamo. 

1 

1--———- 

9 

5 

86 

78 

60 

10 

41 

H 

92 

85*5 

71 

100 

li 


96 

93 

84 

.ICO 

1 

n 

97*5 

94*5 

85 
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Electric Oenerating Stations. 

Alternating current is suitable for large scattered areas. 

High pressure direct current with rotary transformers to reduce pressme i» 
applicahle to scattered areas. Low pressure direct current produces and distri¬ 
butes electricity at the same pressure at which it is supplied to the consumero. 

The direct current system permit the use of storage batteries, which cah- 
not be used with alternating currents; greater efficiency in distribution and 
greater adaptability to motive power. 

The works being liable to sudden demands, the quick steaming qualities of 
the water tube type of boilers are of great advantage. Engines of the marine 
type are preferred for large outputs. Storage by secondary batteries is expensive, 
but is used by a few woilcs for maintaining the supply after midnight. 

Lancashire boilers in conjunction with water, tube boilers make the best 
arrangement for a central station. 

Cost of Oenerating Electricity. 

The cost of producing a unit of electricity roaches its minimum with a plant 
capable of serving not less than 12,000 (16 0 P.) lamps and as not more than | 
of the number installed will ever be in use at one time, the above plant will 
allow of 18,000 lamps being fixed. (Adams). 

Power required for electric lighting under good conditioiio the Engine 
power required equals— 

Gas filled .. .. .. ..1000/1800. 

Arc Light one K.W,-=-- .. .. 1000 C, P. 

Metal Filament .. .. ..600/1000. 

Ordinarily one H. P. will supply 16. 20 caudle power incandescent lamps; 
30 watts per 20 C. P. lamp is consider-d very economical, the hfernst lamp is 
said to give 40 C. P. for 60 watts. 

Lightning Conductor .— 

Conductor should be preferably of copper, weighing not less than 6 ozs. per 
foot run, the conductivity of copper being not less than 00 % of the pure metal; 
^should be either in the form of tape or rope of stcut wires, no individual wire 
* being less than No. 12 B. W. G. Every joint should be well soldered. 

A copper tape | to 1 inch is quite sufficient for a conductor 80 feet long. 
Iron may be used but should not weigh less than 2^ lbs. per foot run. 

Earth connection. —Depend on the area of the building. Two at least are 
required. Eatth plates should not be less than 9 square feot in area and ittch 
thick, hurried in permanently wet earth and surrounded by cbaracoal and carbon. 
Resistance of earth should not exceed So.h.m.s. 

Two main lightning rods, one on each side of the building should be provided. 
Horizontal conductors should connect {£11 the vertical rods. 

PoinJta. —The point of the terminal should not be sharper than a cone of which 
the height is equal to the radius of its base, but a foot lower down a copper ring 
$1l09ld be screwed and soldered on vo the upper terminal, in which ring should be 



m 

fixed 3 or 4 sharp copper points each about 6 inches long. The points are arrang¬ 
ed at equal angles, thus 3 points will have 120’ each, 4 points 90® each and so 
on as shown below. 




Joints in series of conductors should bo as few as possible. Connections 
between the verticals and horizontals should be in an accessible place. They 
should be well cleaned and thoroughly soldered. Iron rods whether galvanized 
or not should be painted. Copper rods may be painted or not. 

Thorough inspection and testing of all conductors and earth connections 
should be made after erection. The whole system should be kept in good 
order. It is better to have no lightning conductors than inefficient ones. 

Copper rods to the height of iO feet above ground can be enclosed in an iron 
pipe to avoid risk of injury and theft. 

Testing ,— 

The tests are of two kinds :— 

(1) ‘ A visual test. 

(2) An electrical test. 

(1) Visual test, —All joints and connections above ground should be ex¬ 
amined visually and where there are any obvious loose joints or disconnections 
they should be repaired. 

The points of the lightnimz rods should be examined, if accesaiblo and 
the following should bo noted.— 

(а) . That the test lead, if fitted has not become detached, but is finally 

soldered on. 

(б) . That the points are firmly fixed to the lightning rod. If loose or 

unscrewed they should bo secured; 

(c). That all joints are not only firm but maintaining thei ntimate contact 
of bright metal to bright metal required in lightning conductors. Incase of 
any looseness, joints should be remade and metal brightened at the contacts. 

It should be noticed whether any of the staples fastening conductors to 
walls have come away, and it should be ascertained that the strips connecting 
metal roofs, etc., to the conductors are seeme. 

The following should be obsefved before carrying a test:-— 

(а) . Any neighbouring watermain should be connected to the system ' 
below the surface ot the ground, whether required for the eaith or not. 

(б) . All neighbouring mas.'e8 of metal water, or other conducting 
substances in proximo y to the conductors should be connected to them. 

(c). Same kind of metal should be used throughout the system. 

Electrical test.—U ko Bridge, Mqgger for the electrical test. 
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ARBORICULTURE. 

Mfihods by which Trees are Propagated. 

(1) (Sowing the seed in the places where it is intended the trees should grow. 

(2) Sowing the seed in the nursery or in pots or baskets and when old enough 
planting the young trees in the required places. 

(2) Planting cuttings from trees direct where the trees should grow or in a 
nursery and when they have formed roots, transplanting them to the required 
places. 

(4) Detaching and planting in required places the roots which spring up 
round certain kinds of trees. 

(5) Obtaining rooted branches by the method of layering and planting these 
in the required place. 

(6) Grafting branches or buds on to the stem or branches of other trees of 
similar kinds. 

(7) Felling certain kinds of trees so that they send out coppice shoots having 
independent roots. 


Collection and Preservation of Seed. 

(1) As far as possible the seed should be good and fresh. 

(2) The seed should on no account b*' collected before it is ripe and collected 
before it begins to fall on the ground. 

(3) The seed should be gathered in dry weather and should immediately be 
pread out to dry in the shade. 

(4) After drying, the seed should be cleaned, that is, the useless outer envelopes 
should be removed. 

(5) Seeds which have passed through the bodies of birds and animals general¬ 
ly germinate very well, and should be collected when practicable. 

(6) It is best to sow seed as soon as collected, especially when the seeds are 

oily. 

(7) When the seed docs not ripen at a suitable time for sowing and has to be 
kept until the time arrives, it must b(' carefully preserved from damp and the 
attacks of insects and vermin. 

(8) The best way is to spread it loosely on a pacca floor and turn it over 
■irom time to time. 

(9) To keep off insects new leaves may be mixed with the seed. 

(10) Where rats and mice are common the seed may be stored in gharas or 
boxes or in sacks or baskets suspended from the roof in a well ventilated room. 

(11) Wet seed should on no account be used. 

(12) To test its quality, place a number of seeds on a red-hot iron tawa. The 
sound seeds will burst before burning. 

A better method is to place a number of seeds in a pot of earth, keep them 
moist and put them in a warm place in the dark. The sound seed will germinate 
in a short time. 

As a rule the method of direct sowing is not to be recommended. Direct 
iSOVings may be either broad oast 0 ( partial. 
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Broad Cast Sowings. 

The seed is scattered ev^.iily all over the area to be operated on. The soil 
must first be cleaned ofjungUt etc., and then worked up by ploughing. 

The first ploughing should be done at least six montLj before the time of 
sowing and the soil should be turned over several times in this interval. The end 
of the rains is the best time for the first ploughing. 

Sowing in Nurseries. 

(1) The soil should be of best quality, such as would produce good crops. 
Sandy soils when matured do well, but stiff clay soils and salt soils should be 
avoided and a nursery should not be established where there is a kankar bed 
below the surface. 

(2) The nursery should be of regular shape, if possible rectangular because 
it is easier to lay out necessary water channels. It is necessary to manure the 
soil. In sandy soils, spread clay taken out from bottom of tanks; (he best 
manure is the vegetable mould whoso leaves and weeds have become thor¬ 
oughly de«3ayed. Such manure should be made in every nursery in pits, 2 
or 3 feet deep. It is essential to add dung of animals or bones. 

The manure required is from 3 to 4 hundred maunds per acre. 

(3) The seed should be sown evenly and thinly, and then covered with earth 
to a proper depth, which should not be more than twice the thickness of seed 
itseVi Water every day. 

, (4) The best time for sowing is the early spring. In places where the rainfall 
is/^bundant, the beginning of rains is the best time. 

Preservation of Seedlings, etc. 

(1) Shading the seed beds from mid-day sun and frost inght, 

(2) When the seedlings are too thick they must be thinned out as they grow. 
As the seedlings approach the height of 3 feet there should be a clear space of 
2 feet between each seedling. 

(3) A cheap and expeditious way of lifting plants from the seed bi ds when 
the seedlings have been sown in drills, is to dig a trench at a short distance and 
parallel to each line of seedlings. The jilants can then be jmshed i nto the trenches 
helped by the spade from behind. 

(4) The best season for transplanting is the cold weather but in dry districts 
where irrigation is not jiossiblc, this should be done in rainy weather. 

(o) Seedlings may often be raised from seed sown in flower pots or baskets. 

It is safe from the attack of birds and vermin. 

(6) As soon as the seedlings are large enough to handle easily they should 
be put singly into pots, 4 inches diameter at the top and as soon as the roots have 
reached the sides of the pot the plant should be shifted into a bigger one. 6 or 8 
inches diameter. Water should bo givAi as often as the earth gets dry and before 
the plant begins to droop. 

Propagation by Cuttings. 

(I) The cold weather and the rains are the best times for making cuttings. 
Such cuttings should be from 5 to 10 feet long, with the lower end cut obliquely 
and should be set 2 or 3 feet in the ground in prepared holes and the upper end 
plastered over with cowdung and clay. 
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Reproduction by Root Suckers. 

Suckers may be dag up and cut away from any tree whioh sends them up» 
but the best way to get them is to out down an old but healthy tree» oarefuUy 
ienoe it in, and water the ground round its stump. 

The suckers take 2 years or more to grow to size fit for planting out. They 
require a good deal of watering at first. Except plantain no other tree should be 
planted. Ber or jaman can be planted in this way. 

Layering. 

Mangoes, Loqmts, etc., are very generally reproduced by this method. To 
produce a tree by this method, the branches are bent downward until they can 
be brought in contact with the soil and the tree is left alone for a season, after 
which most of the branches so treated will be found to have taken root at the 
point of contact with the soil. A slit should be cut in the branch being layered 
at the bent part where it touches the soil, by drawing a knife obliquely across it 
on the lower side below a bud, upwards for about an inch, towards the end of the 
branch. This slit should be kept open by placing a small stone in it. A ghara 
-of water, with a small hole for a drip should be placed over each layer to keep the 
<30il almost wet. 



Grafting. 

' Grafting consists in laying bare with a sharp knife the growing portion 
wtiioh lies between the back and wood of a branch. 

The proper season for grafting is spring, *. e., immediately before fresh growth 
' takes place. 
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Fencing. 

The folJoAvin" are thf' chief hind of fences in use to avoi<l their being injured 
by men and cattle. 

(1) A dry thorn hedge. 

(2) A mild wall. 

(3) Wire fencing. 

(4) A wattle fence commonly u.sed when* branches of tree.s or (dhi r .suitable 

material is available. 

(.'») An open work bri(’k w all (see sketch). 

(C) Iron guards. 

(7) Ba.skct guards. (See sketch above). 

Thinning and Pruning. 

As the trees got taller, their number per acre should be reducod. 

The best season for making thinnings in the plains is the cold weather, and 
in the hills, the early summer. 

Pruning, although sometimes ntcesvsary, should be avoided Avhen possible. 
The trees should be pruned while young. ^ 

Axes are not to be used in pruning, but should be done by a saw. 

Felling. 

The age at which trees should be felled depends (diiefly on the purpose for 
which they are grown. 

Roadside and other isolated trees grown .should not as a rule be felled until 
they die or are about to fall down from actual decay. 

?rhe best season for felling is cold weather. When the sap i.s down. 

Method of Felling. 

Trees should be cut as oloao to the ground as possible. 
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Average nutnber of trees required to plant one acre at various distances apart. 


Distance between plants in feet. 


d 00 .• 

•3 a> -** 
* a ® 

» 

V ; 

2' 

3' 

4' 


1 

0' . 1' 

1 

■ 

9' 

10' 




i 





i 

■ 





1 

1 

43,560 





1 

1 




■ 

1 

2 

21,/bv' 

70,890 




' 






3 

14,52(‘ 

7,261 

4,840 



1 






4 

10,89(' 

5,44.^ 


2,723 








5 

8,712 

4,3f;6 

2,9(4 

2,i'/8 

1.743 






6 

7,26(. 

3,630 

2,421 

1,815 

i,4o2 

1,210] 






7 

8 

6 , 22 :, 

5,44.^ 

3,112 

2,72:. 

2,1.•7.^ 
l,81ij 

I, 556 

J, :i62 

1,745 

1,089 

! ^^9 
9(i8' 77f^ 

6£7 

^8 


H 


9 

4,84( 

2,421 

i,6l4 

1,210 

979 

80'7i 691 

lH*i 

430 



10 

4,3r)(.| 

2,J78 

l,4.'52l 

1,089 

871 

7201 622 

544 


H 


11 

3,9(i( I 

1,981 

J,32( 

990, 

792 

661 ' 566 

495 

441 

o96 


12 

3,t)3C i 

IjOlii 

1,2101 

1 

908i 

726 

61 5i 518 

1 

454 

403 

363 




Average number of trees required tojilant a line one mile long, at various distances 

apart. 


Distance be- 
twc(Mi plants. 

No, of plants 
required. 

Distance be¬ 
tween plants. 

No. of plants 
rcquiied. 

Distance be¬ 
tween plants. 

No, of 
plants re¬ 
quired. 

10 

528 

17 

311 

24 

220 

11 

480 

18 

293 

25 

211 

12 

440 

19 

• 

273 

26 i 

203 

1.3 

406 

20 

264 

27 

196 

14 

377 

21 1 

1 

261 

28 

189 

1 > 

;i52 

22 1 

1 

240 

29 

182 

16 

330 

23 1 

1 

1 

230 

;o 

176 
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Name of tree. 

! Number 

1 of seeds 

jto the seer. 

1 

Name of tree. 


' Number 

1 of seeds 
jto the seer. 

Kikar 

.. j 6,240 

Sukhchein 

t 

! 46& 

Wilayati Kikar 

..! 10,336 

Peach 

• • 

100- 

Phulai 

..; 28,448 

Amrud 

• * 

14,968 

Khair 

..) 25,344 

Pear 

• • 

42,708 

Siris 

..: 7,424 

Wild pear (Kaint) 

• • 

1 900 

Bel 

1,048 

Ritha 

« t 

65g 

Mohwa 

410 

Tamarind 

« t 

; 2,376 

Kachnar 

9,524 

Baliera 

• « 

■ 316 

Semal 

.. 1 25,248 

Harrar 

• • 

i 426 

Chiohra 

..; 636 

Ber 

• * 

1 1,850 

Amaltas 

.. j 6,432 

Putanjan 

« « 

1,606 

Tun 

3,65,504 

Salhe 

f • 

3,120 

Lasura 

.. 1 16,820 

Spruce 

• • 

6,888. 

Shisham 

.. j 23,070 

Silver Fir 

• « 

, 26,752. 

Loquat 

.. I 910 

Horse chestnut 

• • 

54 

Phalsa 

..' 2,450 

Deodar 

« « 

7,194 

Dhammaii 

2,850 

Cypress 

■ • 

1,56,800 

Mango 

42 

Walnut 

• • 

120 

Bakain 

1,280 

Blue pine 

• * 

15,264 

Nim 

..i 10,850 

Apricot 

• • 

720 

Champa 

5,800 

Plum 

.. 

1,052 

Khirni 

.. 5,456 

Oak 

* » 

410 

Sohanjna 

.. 5,600 

Maple 

• • ^ 

7,232 

Aunla 

.. i 52,528 

Elm 

« • 

39,092 

Chil 

6,976 

Bamboo 

•. 

28,160 


Import <nt It/dian 'J'r es and thetr Pari culnrH. 


Name of tree. 

1 When and how sown. 

j 

Particulars. 

Kikar or Babul.. 

Sown in the rains or spring 

The seed ripens in June and 
July. Before sowing it should 
^ be soaked for several days in 
c owdung and water. The young 
plants should be protected in 


% 

winter. 

Phulai 

1 

Sown in March or April .. 

Grows in low hills generally on 
rooky and dry grounds. 

Bins 

Should be sown in nurseiy : 

Seed ripens in September and 

« 

Seedlings should be planted 
out at the end of the cold 
weather if irrigated, other* 
wise in rains. 

is hard but grows fast. 
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Name of tree. 


When and how sown. 


Partioulars. 


Bamboo 

Mohwa 

Kaohnar 

Simba] 

Spanish Chest¬ 
nut. 

Tun 


Cadas or Diar and 
Kail. 


'Orange, Santra 
and Narangi. 


l/asura 


The seed should be sown in 
pots in March and water¬ 
ed regularly ; may be plant¬ 
ed in pits. 


It is propagated from seed. 


Easily grown from seed ! 
or from nursery. 

Propagated from seed and 
also from cuttings. 

I 

I 

Seed sown in March or April 
in prepared nursery beds. 


Propagated from seed sown 
in Jidy, should be sown in 
nursery. 

Seed is sown in November, 
as soon. 


These stockil’oan bo easily 
raised by sowing the seed 
of a well ripened lime or 
by planting culting of 
sweet lime. 

Propagated from seed, seed¬ 
lings planted during rains. 


The whole clump that has come 
up in the pot should be plant¬ 
ed into the pit without disturb¬ 
ing the earth round the roota 
This can be done by breaking 
the pot. 

Ripens from June to July. 
The seed should be soaked 10 
to 12 days before sowing. 
Ripens in June or July. The 
seedlings require much light 
and will not spring up in shs^e. 
The seed ripens in April or 
May. If Well watered the tree 
will grow fast. It requires a 
loose sandy soiL 

Seed ripens from August to 
September. The seed should be 
kept in dry earth until sown 
under to protect from attacks 
of vermins, seedling may be 
planted out during winter when 
3 or 4 years old. 

Ripens in June. The young 
seedlings require to be protect¬ 
ed from sun and frost. It is 
handsome and shady. 

Ripens in October and must be 
gathered at once just as it 
ripens, should be protected 
from frost. Watering is only 
required in May or June. 
Requires plenty of manure and 
irrigation, varieties:— 

1 . Sweet lime. 

2. Lemon. 

3. Pomelo. 

4. Sour lime. 

Ripens in May or June. It is 
not a desirable tree for road¬ 
side. 
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Name of tree. When and how sown. I Particulars. 


Shisham, Sissu or Sowings should be made at It requires much room and 
Tabli. beginning of the hot wea- light to grow. Seed ripens in 

tht r in irrigated land, December or January. Young 
and during winter rains trees lU to 12 ft. high can. 
on sailabas. be plank'd successfully in 

the rains even in dry district. 

Loquats .. Can be sown from seed Is a native of China and Japan. 

but grafting is bi tier. 

Jaman -. Seed should be sown as soon llipcms in June, July, severalseeds 

as gathered m nursi ries are sown together and the 

only, the seedling may be healthiest seedlings kept, suo- 

planted at the end of coeds well on loam soil, requires 

cold Weather if irrigated, waterings in the beginnings, 

if not during the rains. 

Bangantriec or Propagated either from The seed ripens in April or 
BororBargad seed or from cuttings. May, should be planted at a 

Seedlings should be pro- j distance of at least i mile, 
tectedfrom sun andfrosi. j should be sown in pots in niu- 
Largc cuttings 8 to h) ft. sery beds broken bricks or 

high 01 ten succeed. Should charcoal mixed with the soil 

be pl.xnted in May. Wjll assist the generation. 

Fig or Angir .. Fasily raised from cuttings The fruit ripens from May to 

planted in a shady nursery August, llequires careful protec- 
bed. tion wlieu fruit ripens, 

Pipal .. May b(' planted at end of The seed ripens in April or May. 

cold weather or rains. 

Phalsa ' .. It may bo grown from seed Seed ripens in May. The long 

but the propagation of shoots should bo Well pruned 

I the best sorts is done by afti r the crop is gathered. The 

layering. ; tree can be grown in irrigated 

Walnut tree or The seea should bo .«own garden. 

Akhrot. either when it first rijKsns The fruit ripens in September and 

or in January or February should be stored in bag in a 
in prepared nurs ry beds ♦. dry godown out of .reach of 
of fine rich mould in dis- vermin, rats, etc. The seed takes 
tances4^^to 6'apart and 6 months to grow and requires 
covered with or 2 • ins. to be protected from monkeys, 
of soil. A surer way is to sow the seed in 

boxes, when the seedlings are 
one year old they should be 
’ - transplanted in nursery. When 

3 years old they can be trans* 
planted during the rains. 

-. -_ I 
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Name of tree. 
Mangoes 

Persian Lelal or 
Pakain. 

Nim 

Kbirni 

Mulberry or Tut. 
Plantain or Kela 

Olive or Kau 


When and how sown. Particulars. 


Seed is sown in August and 
seedlings planted in Sep¬ 
tember. The best variety 
is obtained by grafting. 


The young seedlings ma^ be 
planted out at the end of 
cold Weather or during the 
rains. Seed is sown in 
February. 

Seed is sown in August and 
should be sown in well 
prepared nursery beds. 
The seedlings may be 
planted out with earth 
round the roots in De¬ 
cember or in rains. 

Grows easily from seed 

Propagated from seed or 
from cuttings. Sown in 
June or July. 

Propagated by root suckers 
which spring up from the 
roots and planted out in a 
trench dug 3 feet deep 
and filled in with a mix¬ 
ture of f manure and | 
earth. * 

Should be sown at end of 
cold weather in , well 
prepared nursery beds or 
pots in a soil mixed with 
charcoal and carefully 
watered. The seedlings 
should be planted in April 
if irrigated or during the 


Seed ripens in June in Punjab. 
It will generate in 15 to 20 
days. Requires waterings 
every 2 or 3 days. The young 
trees should be planted 2<) ft. 
apart. Plantain trees, planted 
along-side the young mango 
trees while small, keep away 
white ants from attacking the 
trees and keep the roots moist. 

Ripens in January or February. 
T^is is a bad tree for avenues. 
It grows rapidly when young. 
Its roots are shallow and hence 
easily blown over. 

The seed ripens in July—^August. 
Young plants should be pro- 
tecUd from frost, require 
frequent waterings before rain 


Thrives well along rivers in 
sandy beds. 

The seed ripens in April or May. 


Plantains requires constant 
moisture and heavy manuring 
and are best grown along a 
trench leading from a Well 
or canal. 


The seed ripens in August to 
November. The cultivated 
olive is propagated by taking 
the root suckers, which spring 
up near the pout-skin and 
planting them out, the good 
varieties being graifted on to 
these stems. 
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Name of tree. 


When and how sown. 


Particulars. 


Date palm or 
Khajur. 


Kail, Biar, Chair, 
Chil. 


Jhand 


Almond or Badam! 


Cherry or gilas . 


Plum or Aluoha.. i 


Peach or Aru ..; 


Guava or 
Amrud 


Propagated from seed or 
from shoots. The young 
plants may be planted out 
when one year old or bet¬ 
ter when 2 years old. 

The seed is sown in Novem¬ 
ber or December when 
ripe in trenches. Seedl¬ 
ings should be planted out 
during the rains when tall 
enough to hold their own. 

May be propagated by trans¬ 
planting root suckers or by 
seed, may be sown during 
the rains or in spring. 
Almond trees may be raised 
from seed in the plains by 
sowing fresh almonds 
imported from Persian 
Gulf, sown in December or 
January. 

IVce may be propagated 
either by seed or by root 
suckers. The seedlings 
should be planted 12 ft. 
apart. 

The grafts inay be planted 
out in orchards when 1 to 
3 years old. Cuttings of 
good varieties Will also 
give excellent fruit. 

tree roquires careful 
manuring, irrigating and 
tending can be grown from 
seed but grafting is better. 
Propagated from seed 
during rains. Requires 
1 plenty of manure. 


Pomegranate or Propagated from' seed 
Anar. cuttings. 


Ripens in August, do not use 
wild palm for seed. It is 
best propagated by offsets 
as the seed always does not 
come out true. 

Ripens in October or end of 
Autumn. To collect the seeds 
the ripening of cones must be 
watched and the cones gather¬ 
ed just before the scales open ; 
slightly heated and the seeds 
picked out. 

Ripens in June. 


Such trees do not, as a rule, seed 
in plains unless budded on to a 
peach or apricot stock. 


Ripens in June or July. Does 
not grow in plains. 


Can be grown from seeds. 
IVees will not grow unless 
planted at about 20 ft. apart. 

The seed takes 6 months to 
generate. Trees should be 
planted 16 ft. apart. 

Superior varieties may easily be 
propagated by layering. When 
old the tree should be pruned. 

Ripens in July to September. 
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Name of tree. | When and how sown, Partioulars. 


Pear or Naspati J Propagated from seed or j Fruit should be allowed to 

cuttings. I decay and then crushed and 

I ; the seed and pulp sown to- 

! gether grows well in clayey, 

I moist soils, trees should be 

planted about 24 ft. apart. 

Apple or (>eb ..' Propagated in the plains by Should be planted about 24 ft. 

! root suckers or by budding apart, will grow well in the 

I I hills. 

Tamarisk or Propagated easily from out- Seed ripens in January, mix 
Farash. ■ tings planted in January j with sand when sowing. 

; and February or in June | 
j and July. i 

Bah( ra .. | Propagated by seed, sown j It is diHioult to rear the tree as 

in April and seedlings plant-j an avenue tree. 

{ od in the rains. i 

Harar .. Propagated from seed ..| Rij^ns from January to March. 

> (.3 rapi* ur Angur.. Propagated by cutting of Will bear fruit in 3 years. During 

well ripened wood, grown the cold weather the ground 
i in nurst ry and planted in should b<^ well cultivated, the 
1 line 8 ft. apart. roots exposed for 15 days, and 

, then the holes filled in with 

powerful manure, will require 
careful pruning during cold 
weather. 

Per .. f Propagated by .seed, sown in Ripens in May and June. The 

rains, grafting is done. The seed should be sown deep. It 
j grafts blossom in October, is liable to bo scratched up by 

i six or seven months after jackals. Best to raise the 

j the operation and the plants in nurseries. In early 

frnit ripens in cold wea* parts of February or end of 

then cold weather an ordinary seed- 

* lings about 3 years old is cut 

down and allowed to throw out 
coppice shoots. The shoots 
* from the stocks on which the 

superior variety it is wished to 
reproduce is grafted. This is 
done by ring grafting, whole 
bandaged up and covered over 
with clay in the usual way. 
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AGRICULTURAL DICTIONARY. 


^ Englitili. 


1 Apple 

2 Barley 

3 Brinjal 

4 Cocoanut 

5 Cotton 

6 Chillies 

7 Coriander 

8 Citron 

9 Cabbage 

10 Carrot 

11 Cucumbar 

12 Cauliflower 

13 Fig 

14 French Bean 

15 Gram 

16 Green grain 

17 Ginger 

18 Garlic 

19 Grapes 

20 Guava 

21 Indian colza 

22 Indian Rape 

23 Lintel 

24 Linseed 

25 Lemon 

26 Lady’s linger 

27 Lirilar 

28 Lotus root 

29 Mustard 


Vernacular, 


Seb. 

Jau. 

Baingan. 

.. Nariyal, 

.. Kapas. 

.. Lai miroh. 

.. Dhania. 

.. Galgal. 

1 

.. Band gobi. 

.. Gajar 

.. Khira. 

.. Phul gobi. 

.. Anjir 
.. Frash Bean. 

. • Chana. 

.. Mung. 

.. Adrak. 

.. Lassan 

. • Angur. 

.. Amrud 

.. Sarson. 

.. Toria. 

.. Masur. 

. • Alsi. 

.. Nibbu. 

.. Bhindi Ttxd, 

.. GWa Tori, 

.. Bhcn. 

.. Rai. 



55 ] Turnips 


66 Wheat 

67 Walnut 


Vernacular. 


.. Bajra. 

.. I Malcai. 

.. Am. 

.. Tut. 

.. davar. 

.. Piaz. 

.. Narangi. 

.. Mutter. 

.. Aru. 

.. Kela. 

I 

.. Anar. 

.. Nashpati. 

.. Halwa Kadu. 

.. Alu. 

.. Shakarkandi. 

.. Taramira. 

.. Chawal. 

.. Muli. 

.. Ganna. 

.. Til. 

.. Palak. 

.. Chah. 

.. Haldi. 

.. Tambaku. 

.. Wilayeti Bangan 
.. Shalgbam. 

.. Gehun. 

.. Akhrot. 
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Principal Crops grown in Punjab. 



Name of crop. Time of sowing. 


Yield 

Seed per 
Time of harvest- req_uired acre 
ing. per acre. Irri¬ 

gated, 


56 Wheat 


Cotton (Desi) . 
Cotton (Am.) . 


46 Rice 


15 Gram 
34 Jawar 


30] Bajra 


] 6th Oct. to end of April and May .. 20 to 30 
Nov. 

April to 15th June .. Sept, and Dec. 5 to 8 

I6th March to 15th Sept, and Nov. 4 to 6 

May. 

Sown in nursery in Sept, and Oct. 6 to 12 
May or June and 
transplanted in 
July and August. 

15th Sept, to end of April and March 16 to 20 
Oct. 

( Fodder March to Aug May. to Oct. .. 20 to 24 

X Grain, July to Aug. Oct. to Nov. .. 6 to 7 of 

CftDOSa 

16th June to end of Oct. to 15th Nov, 2 to 2^ 
July. 


lbs. 

1,020 


6 to 12 1,326 


48] Sugarcane .. March 


31 Maize 


22 Toria 
53 Tobacco 


Barley 
21 Sarson 

45 Taramira 


March .. Dec. to March .. 26 to 30 

bundles 
of 100 
canes 
each. 

'' Fodder, March to After 2 months 12 
Aug. of sowing. 

Grain, June to end of Nov. 6 

Early Sept. . • 15th Dec. to 15th 2 to 3 

Jan. 

Sown in nursery in June .. f to 1 

Oct. and transplant¬ 
ed in March. 

Oct. to Nov. .. April and May. 25 to 30 

15th Sept, to end of March .. 2 to 3 

Nov. 

15th Sept, to end of 16th March to .. 2 to 3 

Nov. 16th April. 


2,344 


1,261 

1,200 
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TahU of Composition of some Indian Feeding Stuffs, 


Name of stuff. 

Moisture. 

Ether extract. 

Albuminoids. 

Soluble carlo- 
hydrates. 

Woody fibre. 

Soluble minerall 
matter. I 

Sand and sillea. 

Total Nitrogen- 

Albuminoid 

nitrogen. 

Albuminoid 
nitr<^en. Total 

» 

(C, 

C 

P 

ns 

o 

& 


% 

1 0 / 

/o 

% 

/o 

o/ 

/o 

0 / 

/o 

% 

% 

% 



Wheat (Lahore) 

6*37 


6 .32 

44*08 

12*40 

5*90 

22*87 

1*16 

1*01 

7*71 

64*9 

Aioo (Basmati) 

11*28 

*8C 

• 6*60 

80*81 

*23 

•83 

*56 


•88 

16*03 

96*6 

Punjab. 












Gram (whik‘) 


4*22 

22*81 

57*48 

1*93 

3*15 

*05 


3*66 

2*96 

126*1 

Jawar 

12-C4 

3*13 

8*19 

73*44 

1*37 

1*64 

*19 

1*34 

1*31 

9*85 

101*7 

Bajra (Punjab) 

10*08 

4*9S 

11*12 


*76 

1*64 

*40 

1*86 

1*78 

7*41 

111*2 

Sugarcane 

31*85 


1*01 

37*76 

21*56 

2*23 

4*56 

*19 

•16 

39*73 

42*9 

(Lucknow). 






I 






Maize (dry) .. 


2*62 


37*76 

26*26 

8*44, 

6*82 

1*95 

1*51 

4*76 

67*0 

Toria (Punjab) 

6*81 

10*28 

27*19 

37*08 

9*851 

7*i(;! 

1*69 

4*66 

4*36 

2*23 

130*8 

Barley (Pesha- 

8*74 

1*89 

9*23 

73*16 

4*131 


]*06 

1*55 

1*48 

8*40 

ISIS] 

war). 





1 

1 

' 






Sarson (P) 



13*0 

.30*16 

20*41 

16*311 

7*07 

2*66 

2-08 

2*86 

70*3 

(dried). 


] 



1 

1 






Taramira 

(Punjab). 


8*83} 

36*0 

28*48 

m 

6*62| 

4*87 

5*76 


1*36 

140*6 

Ginger 

86*47 

1*461 

1 *8(, 

8*74 

•95 

l*68i 

0*0 

•29 

• * 

6*78 

16*9 

Til (Black), 

5*67 

62*27| 

17*94 

13*26 

3*87 


'61 

3*06 

2*87 

7*44 

188*8 

(Punjab). 


1 




1 






Muni; (Punjab) 



22*94 


3*38 

3 *741 

•06 

3*76 

3*67 

2*66 

118*6 

Urid (black), 

9*69 

1*13 

22*81 


3*27 

3*64' 


3*76 

3*65 

2*721 119*2 

Punjab. 






1 






Senji (Punjab). 

84*40 

*36 

2*69 


4*13 

1*87 

*39 

5*16 

•43 

2*60 

13*8 




Cooked Food. \ 

i 







Rhiohrj 

11*68 

1*06 

13*44 

31*36 

*67 

1*80 

• * 

2*16 

• • 

5*49 


(Biceand Lfal) 













22*59 


7*76 

66*61 

•66 


« • 

1*24 

• • 

8*88 

88*4 

(Boti). 










■■■ 


P<mble bread 

14*46 


8*31 




* % 

1*331 

• • 


96*8 

(baksd). 












Poori 


8*27 

9*31 


•43 


■ « 

1*49 

• w 


106‘4 

Rsohavri 


32*61 

6*69 

B 

*10 

1*09 

t • 

•91 

• • 


145*7 
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Composition of Milk and Butter. 



Buffalo’s 

milk. 

Cow’s 

milk. 

Goat’s 

milk. 

Butter. 

English 

cow’s 

milk. 

Water 

81-86 

85*88 

86 

7 to 20 

87 

Fat 

4.6 to 9*2 

3*9 to 6*2 

4*7 to 5*6 

70 to 89 

3-8 

Sugar 

•5 

6 

3*9 

•2 to 2 

4-6 

Nitrogen 

•6 

•48 

•64 

•1 

•64 

Albuminoids 

3-6 to 4 

2*5 to 3*0 

3*4 

•2 to 2 

4-0 

Mineral matter 

•8 

•7 

*6 to *9 

•* 1 

•70 


(Handbook of Indian Agriculture.) 
Principal Vegetables. 


Name of vegetables. 

Moisture. 

Ether extract. 

Albuminoid. 

Soluble 

carbohydrates. 

Woody fibre. 

% 

Zj 

A 

so 

< 

Nitrogen. 

*0 

fl 

e8 

OQ 

Phosphoric I 

acid. 1 


% 

Pe 

rcentag 

e on dr 

SMI 

r 

a. 

% 


% 

Palak 

84 

6.25 

•76 

63*88 

9*12 


*12 

’75 

■ 

Mcthi 

77 

4-8 

16*21 

56*11 

11*31 

11-37 

2*61 

*93 

1*09* 

Rarela 

88-76 

2*93 

1*02 

85*41 

1*51 

8*63 

*26 

*17 

1*96 

Brinjal 

88*26 


16*37 

65*23 

17*00 



*70 


Peas 


1*0 


67*61 


6*62 

4*21 

• • 


French Beans 



23*76 

40*26 

22*0 


3*80 

1 • 


Bhindi 

89*8 

1*76 


62*77 

7*56 

7*74 


*19 


Cabbage 

92*0 

3*0 

19*6 

61*78 

8*87 

7*26 

3*12 

*12 


Oaulifldwer 

90*0 

3*30 


41*3 



6*8 

*10 


Muli 



18-0 

62*66 

9.34 



•33 

1*32' 

Carrots 

81*4 

1-72 

7*03 

74*96 

6*66 

9*08 

1*23 

•48 

•87 

Sweet Potatoes 


4*ar 


69*18 

l*7f 

3*12 


•12 

• • 

Potatoes 




73*68 

2*9: 

6*97 


• • 

• • 

Onions (red) 

86^6 

2*17 

, 

11*612 

78*63 

4*02 

3*66 

1*86 

•630 

« • 
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Fruits, 

Fruits are characterised by containing a large amount of water varying from 
^ to 9d%. The fruits generally contain edible and non-edible portion. It is the 
edible portion with which we are concerned. The remainder of the fruit usually 
consists of sugars, organic acids, starch gums, mineral matter and aromatic sub¬ 
stances known as essential oils which usually give the characteristic flavour and 
aroma to the fruit. A small quantity of colouring matter is present also in many. 
Fruits contain only a very small quantity of Proteids or flesh forming material. 
The food constituents of the fruits are useful in supplying a part of the require¬ 
ments of the human body but their importance is due in large portion to the 
presence of accessory food factors known as vitamins which seem to be essential 
in our food. The juice of fresh fruits is exceedingly valuable to children on 
account of these vitamins and fresh fruit should form part of our food if possible. 

Principal Fruits. 


FruitK. 

Non-edible 

portion. 

Edible % 

or edible mailer. 


• 

vO 

O' 

S 

CO 

Seed. 

Juice, etc. 

t 

1 

o 

s 

Reducing 

sugar. 

Non-reducing 
sugar. 

Total Sugar. 

Acidity, grain 

Banana (Bombay) 

2 o:i 

• • 

79.7 

72.0 

j i 

4.581 10.49 

1 1 

16.07 

• * 

Pomegranates (Kandhar) 

16.71 

13. 

69.74 

.27 

1 11..32j .. 

11.32 

• • 

Orapes (Kandhari) 

• • ' 

• • 

« • 

76.0 

• • 

1 1 

1 .. 

1 

19.7 

.64 

,Kgs 

• • 

m • 

• • 

76.0 

r 

50. Oj 4.0 

64.0 

« • 

Guavas (with seed remov 

sd) 

• « 

• • 

' 7ao 

lo.o; 12.0 

J 

22.0 

• • 

Oranges (Nagpur) 

Total 

=^43.0 

57.0 

• • 

4.0 

j 3.6 

7.6 

• • 




Acidi 

) 1 
ity=’86 grains of citri 

c acid 

• • 





ESS. 62 

grains of sulphuric acid 

Mangoes (on pulp) 




81.3 

14.46 

3.3.78 

6 &22| 

•20 










Ccmversitm Table fot converting Kanaland Marla 

into acres and decimals, when the Kami —o 5 ft. 

1 acre = 8 Kanals 0 Marla, 
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statement comparing the area under various crops in India in thouasnd acres 

in 1923-24. 

Rice .. 77,200 Linseed .. 2,645 Cotton .. 16,685 

Wheat .. 24,294 Rape and Mustard Jute .. 2,329 

seed .. 3,665 

Other food grains .. 95,606 Other oil seeds .. 7,962 Other pulses 703 

Fodder crops .. 8,764 Tobacco .. 1,025 Cofiee, Indigo 

and opium ... 416 

Sugarcane .. 3,046 Tea .. 713 

Grand total area cultivated in 1923»24 =243,640 thousand acres. 

Memoranda for the Royal 
Commission on AgricuUure, 
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TECHNICAL DICTIONARY. 

From English to Hindhstanl 
NAME OF BUILDINGS. 


English. 


Hindustani. 


Burial ground or 

Cemetery ..Qabristan. 


Bungalow .. Bangla. 

Cantonment ..Chhaoni. 

Chamber .. Kotliri, 

Church . .Girja-ghar. 

City ..Shahr. 

CStB Dispensary Sarkari Dawakhana. 
College .. Madarsa. 

Drain .. Mori. 

Flat-roofed house Kothi. 


Fort 
God own 
Hospital 
House 
Jail 

Laboratory 

Mosque 

Office 


.. Qila. Treasury (Local) Tahsil 

.. Godam. Towor .. Burj. 

.. Bara Dawakhana. Tomb. .. Qabr, 

.. Ghar. Town .. Qasba 

..Kaidkhana. University ..Dar-u] 

. .Karkhana. VUlago ..Gaon. 

.. Musjid. Workshop .. KarkI 

.. Daftar. 

NAME OF WORK PEOPLE, ARTIZANS, ETC. 


English. 

Police Station . 
Palace 

Printing Office . 

Post Office 

Prison 

School 

Sower 

Shop 

Staging house . 

Stable 

Temple 

Treasury (Local) 

Tower 

Tomb. 

Town 
University 
VUlago 
W orkshop 


Hindustani. 

. Thana. 

. Mahal. 

. Chhapakhana. 

. Dakkhana. 

. Kaidkhana. 

. Maktab. 
.Badar-rau, nali 
. Dukan. 

. Chauki. 

. Astabal. 
.Mandar. 

Tahsil. 

. Burj. 

. Qabr, 

. Qasba. 

. Dar-ul-alum. 

. Gaon. 

. Karkhana. 


English. 

Artizan 

Banker 

Blacksmith 

Bricklayer 

Book Binder 

Carpenter 

Carter 

(Jloth Merchant 
Cobbler 
Com dealer 
Digger 
Dyer 

' Electrician 

Goldsmith 

Jeweller 

Labourer 

Messenger 


Hindustani. 


.. Karigar. 

. .Mahajan. 

. .Luhar. 

.. Raj. 

.. Jildsaz. 

., Barhai. 

. .Gariban. 

,. Bazzaz. 

. .Mochi. 

. .Baniya. 

.. Beldar. 

.. Rangrez. 

.. Bijli ka kam 
karnowala. 
. .Sunar. 

.. Jauhri. 
..Kuli. 

,. ChaprasL 


English. 

Mason 

Mat-maker 

Merchant 

Printer 

Painter 

Potter 

Shoo-maker 

Surveyor 

Thatcher 

Tent keeper 

Tailor 

Tiii man 

Thatcher 

Water carrier 

Well sinker 

Writer 

Weaver 


Hindustani. 

.. Raj. 

.. Chataiwala. 

.. Saudagar. 

.. Chhapaiwala. 

. .Bangsaz. 

.. Ghumar. 

.. Chamar. 

.. Paimaish kuninda. 
.. Chhaparband. 

.. Khalasi. 

.. Durzi. 

.. Kalaigar. 

.. Gharami. 

.. Bhahishti. 

.. Chah-kan. 

.. Moharrir. 

.. Julaha. 



619 


EARTHWORK, Etc. 


EasjU&li. 


Hindustani. 


Axlo .. Dhura. 

Bucket (Leather) Charsa. 


.. Boj h. 

.. Hath Oari. 
.. Tokri. 

. .Manjhi. 

.. Gari. 

. .Mitti. 


Burden 
Barrow wheel 
Basket 
Barrow hand 
Cart 
Clay 

Coarse broad tape Niwar. 
Dibble (grass 

cutter’s) .. Khurpa. 

Excavator .. Beldar. 

Excavation .. Khodai. 

Ground square .. Gunia. 
Gang .. Madad. 


Hoe (used in well 


sinking) 


English. 


. Jham. 


English. 

Helve, Handle 

Measure 

Measuring Rod 

Pile 

Peg 

Pickaxe 

Pile engine 

Rammer 

Reaping hook 

Sickle 

Slope 

Trip 

Tracing 

Tirr 

Yoke 

Well 

Wheel 


Hindustani. 


•. !Oasta. 

. .Paimana. 
.. Gaz. 

.. Kari. 

.. Khunti. 

.. Genti. 

. .Machak. 

.. Durmat. 

.. Daranti. 

.. Daranti. 

.. Dhal. 

.. Khep. 

. .Dagbol. 

. .Ahal. 

.. Jua. 

.. Kuan. 

. .Pahiya. 


BRICK MAKING. 


Hindustani. 


Ashes .. Rakh. 

Brick (sundried). .Kachchi Tnt. 
Brick ..Int. 

Brick (half burnt)PiUi Int. 
Brick- bat .. Rora. 

Brick (vitrified). .Jhanwan. 
Cord .. Dori. 

Clod ..Dhela. 

Clamp (native) . .Pazawa. 


Cowdung 
Distorted 
Dust 

Enclosed kiln 
Earth 


.. Upla. 

,. Tehra. 

. Khak. 

.. Bhattha. 
.Mitti. 


English. 

Hod (for carrying 


Hindustani. 


mortar) 
Mould 
Manure 
Mud, Mire 
Mud mortar 
Potter’s wheel 
Reservoir 
Rope 
Sand 
Sandy 
Sieve 
Spade 

Spade (native) 


. Katahra. 
.. Sancha. 

.. Khad. 

.. Kichar. 

.. Gara. 

.. Chak. 

.. Hauz. 

.. Rassa. 

.. Ret. 

. Retla. 

. Chalna. 

. Belcha. 

. Phaura. 


BUILDINGS. 


Hindustani. 


English. 

Arch .. Dat, Mehrab. 

Albaster ..Sang Marmar. 

Brickwork in 

mortar .. Chunai. 

Bond, to preserve Darz bachana. 
Beam .. Shahtir. 


English. 

Brick-on-edge 
flooring 
Buttress 
Brick pointing 
Cornice 
Corner 


Hindustani, 

. .Kharanja. 

.. Pushta. 

.. Tip. 

.. Kangni. 

.. Kona, Gosha. 
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BUILDINGS—concld. 


English. Hindustani. 

Centring .. Dhola, Qalib. 

Dome .. Giimbaz. 

Flooring .. Farsh. 

Foundation .. Bunyad. 

Flat tile .. Khaprel. 

Gravel .. Bajri. 

Level • • Ham war. 

Ladder ..Sirhi. 

Layer .. Radda. 

Lime .. Chuna. 

Lime (quick) ..Kachcha chuna. 

Lime (slackened) Bujha hua chuna. 
lime burner ..Chuna-puz. 

Lime kiln . .Chuna ki bhatti. 

Limestone • .Kankar. . 

Lime for white¬ 
wash .. Safedi. 

Lime mill .. Chuna ki chakki. 

Measuring tape .. Fita. 

BRIDGE 

English. Hindustani. 


English. Hindustani. 

Mason’s Hammer Hathora. 
Plastering (lime) Astarkari. 
Plastering (mud) Lipai. 

Pillar .. Pil-paya. 

Plummet . .Sahal. 

Pounded bricks. .Surkhi. 

Roof . .Chhat. 

Rafter .. Kari. 

Scaffolding .. Par. 

Stone .. Paththar. 

Terraced floor .. Pakka farsh. 
Terraced roof .. Pakki chhat. 

Tube ..Nal. 

Thread .. Sut. 

Truss . .Kainchi. 

Trowel .. Kami. 

Tiled Roof ..Kliaprel ki chhat 
Verandah .. Baramda. 

Water mill .. Pan chaki. 

BUILDING. 

English. Hindustani. 


Abutment . .Paya-beruni. 
Afflux .. Bahao. 

Batter . .Baqaida salami. 

Bonding .. Band. 

Bridge ». Pul. 

Bottom ..Tali. 

Breast wall .. Diwar-i-pushta. 

Bank, edge . .Kinara. 

Cutwater ..Abtarash. 

Crown of arch .. Ras-i-mohrab. 
Curtain wall .. Samne ki diwar. 
Haunches .. Atrai 


Inverted arch .. Dat ulti. 

Joint ..Jor. 

Keystone .. Dat ki chabi. 

Pier .. Paya andruni. 

Parapet .. Munder. 

Retaining wall .. Dewar-i-pushta. 
Road .. Sarak. 

River .. Darya. 

Splay ..Kham. 

Springing .. Shuru Kaus. 

Span of arch ... Wusat Dat. 
Wing wall . .Dewar-i-Bazu. 


CARPENTRY. 


English. Hindustani. 

Adze ..Basula. 

Auger .. Barma. 

Box - ^ .. Sanduq. 

Barrel .. Pipa. 

Blook or pulley..Ghirni. 

Brad-awl .. Min. 


English. Hindustani. 

Chisel ..Ohaursi. 

Circular saw ..Gol ara. 

Compass ..Purkar. 

Curb ..Nim ohak. 

Doorframe ..Chaukat. 

Door . .Kiwar. 
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English. 

Door bolt 
Eile 

Felling axe 

Glue 

Gum 

Hand saw 

Hinge 

Key 

Lock 

Nail 

Panel 

Plane 

Press 


English. 

Bamboo 
Bundle 
Cotton rope 
Flax 

Grass rope 

English. 

Bell metal 

Brass 

Copper 

Gold 

Iron 

Iron wire 
Iron sheet 
Iron flat 
Iron bar 
Iron pig 
Iron hoop 

English. 

Amber 
AlkaU 
Acid acetic 
Acid sulphuric 
Acid nitric 
Acid muriatic 


CARPENTRY—concld. 


Hindustani. 


..Billi. 

.. Reti. 

.. Kulhari. 

. .Saresh. 

. .Gond. 

. .Ari. 

.. Qabza. 

.. Chabi. 

.. Tala. 
..Kil. 

.. Dolha. 

.. Rwanda. 

. .Shakanja. 


English. 

Paste 

Pile driver 

Sawdust 

Screw driver 

Sliding bolt 

Straight edge 

Tools 

Tack 

Tenon 

Table 

Windlass 

Window 


THATCHING. 


Hindustani. 

.. Bans. 

.. Pula. 

.. Sut ki rassL 
.. Sun. 

.. Munj. 


English. 

Munj string 
Mat screen 
Ridge pole 
Reed 
Shutter 


METALS. 


Hindustani. 

. .Azdhat. 

.. Pital. 

.. Tamba. 

.. Sona. 

.. Loha. 

.. Lohe ki tar. 

.. Lohe ki chadar. 
.. Loha chapta. 

.. Loha chaukor. 

.. Loha sari. 
..Loha kundli. 


English. 

Iron rod 

Iron wrought 

Iron cast 

Lead 

Metal 

Quicksilver 

Stoel 

Silver 

Tin 

Zinc 


PAINTERS’ WORK. 

Hindustani. English. 

..Kah-ruba. Arsenic 

..Khar. Ammoniac 

.. Sirka ka tezab. Borax 

.. Gandhak ka tezab. Beeswax 
..Shora ka tezab. Bitumen 

. .Namak ka tezab. 


Hindustani. 

.. Lei. 

.. Machak. 

.. Burada. 

.. Pechkash. 

.. ChitkanL 
.. Gaz. 

. .Auzar. 

.. Baranji. 

.. Chul. 

. .Mez. 

,. Charkhi. 

.. Khirki. 


Hindustani. 

.. Ban. 

.. Jhanp. 

.. Bareri. 

. .Sarkanda. 

.. Pardah. 

Hindustani. 

.. Loha gol. 

. .Ghara hua loha. 
.. Dhala hua loha. 
.. Sisa, Sikka. 

.. Dhat. 

.. Para. 

.. Aspat. 

. .Chandi. 

.. Qalai. 

.. J ast. 


Hindustani. 

. .Sankhia. 

. .Nushadir. 

.. Sohaga. 

. .Mom. 

.. ITalta. 
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English. 

Bonzoin 
Blue vitriol 
Bole Earth 
Cocoanut oil 
Copal gum 
Camphor 
Chalk, whiting 
Emory 
Gamboge 
Glass phial 
Isinglass 
Indigo 
Litharge 
Lead 

Lamp black 

Naptha 

Oil 


PAINTERS’ WORK—conoid. 


Hindustani. 

.. Loban. 

. .Nila Tutia. 

.. Multani Mitti. 

.. Tel Nariyal ka. 

.. Sundras. 

.. Kaf ur. 

..Khariya mitti. 

.. Kuranj. 

. . Osara Re wand. 

. .Shisha. 

.. Abrak. 

..Nil. 

.. Murdar sang. 

. .Sisa, Sikka. 

.. ICaJ al. 

. .Nafta. 

. .TeL 


English, 


Hindustani. 


Oil sweet .. Til ka teL 
Oil mustard .. Tel sarson ka. 
Oil of turpentine Tarpin ka tel. 


Oil Linseed 
Orpiment 
Pumice Stone 
Rosin 
Rod Lead 
Red Ochro 
Shellac 

Stone (for grind 
ing colour on) Sil. 

Sugar of lf*ad ..Hil. 
Sulphur ., Gandhak, 

Turpentine 
White Lead 
Yellow Ochro 


.. Alsi ka Tel. 
.. Hartal. 

.. Jham. 

.. Rial. 

.. Sandur. 

. .Goru. 

.Lak Chapra. 


.. Gandah 
.. Sufeda. 

. .Pili mitti. 


berozah. 


BLACKSMITHS’ WORK. 


English. 

Hindustani. 

English. 

Hindustani. 

Anvil 

.. Sajidan. 

! Rod hot 

.. ’Pao. 

Augar 

.. Barnia. 

Rake 

.. Jeli. 

Blacksmith 

.. Lohar. 

Solder 

.. Rang. 

Bellows 

. . Dhaunkni, 

Serc-w bolt 

.. Qulaba. 

Charcoal 

.. Koila.. 

Scissors 

.. Ocnehi. 

Cast (To) 

.. Dhaliia. 

Siedge hammer 

. .Ghan. 

Fireplace 

.. Angithi. 

Tongs 

.. Chimta. 

File, Rash 

. .Sohan, 

Wedge 

.. Pachcjhar, Phana. 

Heat (To) 

.. Tao Dona. 

Washer 

.. Patti. 

Leathi'r 

.. Chamra. 

Wire diawer 

.. Tar Kash. 

Nut 

. .Dhibri. 

Vice 

.. Bank. 

Nut Key 

..Dhibri Kash. 

Vice, large 

.. Moz ki bank. 

Knehers 

.. Chimta. 

Vice, hand 

.. Hath ki bank. 

Punch 

.. Sunba. 




SURVEYING. 


English. 

Hindustani. 

English. 

Hindustani. 

Arrow 

.. Sua 

Map 

.. Naqsha. 

Bench mark 

.. Matam. 

Plot (To) 

.. Naqsha banana. 

Contouring 

.. Tilon ka dhal. 

Peg 

.. Khunti. 

Chain 

.. Jarib. 

Survey 

.. Pamal.sh. 

Datum line 

. .Farzi khat. 

Staff 

. .Gaz. 

Fla-g * 

.. Jhandi. 

Tape 

.. Fita, 

Levelling 

.. HamvarL 

Tripod 

.. Tipai. 

Measure 

. .Nap. 

Telescope 

.. Durbin. 
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GENERAL. 


English. 

Hindustani, 

Acacia tree 

.. Kikar. 

Agate 

.. Sang-Sulaimani- 

Alloy (of metals) Bhart. 

Almanac 

.. Patra. 

Alum 

. ■ Phitkari 

Amethyst 

.. Yakut. 

Anglo 

. .Kona, Gosha. 

Angle, right 

.. Qainia Zavia. 

Angular 

.. Konedar. 

Aniseed 

.. Saunf. 

Ant, white 

.. Dimak. 

Arc 

.. Kaus. 

Architect-ure 

.. Ilm-i-taiTiir. 

Area 

. .Raqbn. 

Bastion 

.. Biirj 

Bend 

.. Mor, khani. 

Bracket 

.. Khutut Wahdani, 

Bridle 

.. Bag. 

Blotting paper 

' .. iSayai Chus. 

Camel 

.. Uut. 

Camp 

.. Parao. 

Canal 

.. Nahr. 

Cellar 

.. Teh-khana. 

Chain 

.. Zanjir. 

Chimney 

.. Diid-kash. 

Cinnabar 

.. Shingraf. 

Circumference 

..Girda. 

Circle 

.. X^aira. 

Clock 

.. Ghari. 

Construct 

.. Banana. 

Contractor 

.. Thekedar. 

Concrete 

.. Rori. 

Coping of wall 

.. Munderi. « 

Cube 

. .Mukab. 

Cheap 

». Sasta. 

Depth 

.. Gehrai 

Deep 

.. Gehra. 

Detail 

.. Tafsil. 

Diamond 


(Glaziers) 

.. Kalam hire ki. 

Dictionary 

.. Lughat. 

Doctor 

.. Hakim. 

Dry rob 

.. Ghim. 

Dear 

. .Mehnga. 

Draft (cheque) 

• .Huod 


English. Hindustani 

Efflorescence of.. 
salt on walls ...Noni 


Electricity 

..Bijli. 

Elevation 

.. Unoh&i. 

Embanking 

.. Bhrai. 

Enclosure 

.. lhata. 

Estimate 

. .Takhmina. 

Expenses 

. .Kharch. 

Extension 

.. Kbichao. 

Faggot 

.. Bojha. 

Ferry 

.. Ghat. 

Finger 

.. Ungli. 

Fir 

.. Sanaubar. 

Flood 

.. Sailab. 

Grass 

.. Ghas. 

Grease 

.. Charbi. 

Gun Powder 

.. Barud. 

Horsedung 

.. Lid. 

Inclination 

. .Sahami. 

Irrigation 

.. Abpashi. 

Lithography 

.. Pathar ki chhaj 

List 

.. Fohrist. 

Marble 

.. Sang-i-marmar. 

Marsh 

.. Dal dal. 

Money (bullion) 

.. Naqad. 

North 

.. Shanial. 

North Star 

.. Qiitabi-Sitara. 

Nt^eh 

.. Danti. 

Newspaper 

. Akhbar. 

Palace 

.Mahal. 

Palate 

. Tala. 

Parallel 

.Mutawazi. 

Perennial 

. Bara-masiya. 

Perpendicular 

. Khara. 

Persian wheel 

.Harat, Rabat. 

Plough 

.Hal. 

Porch 

. Osara. 

Portfolio 

. Juzdan. 

Pump 

.Nal. 

Pay (to) 

. Ada Kama. 

Price 

. Qimat. 

Pay 

. Talab> Tankhah. 

Pen 

. Qalam. 

Paper 

.Kagaz. 

Quarry 

, Pathar ki Kam 
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O IS !N JB A X/*^c one] d • 


English. Hindustani. 


Question 

.. SawaK 

Quotient 

. .HaSiL 

Remainder 

.. Baql 

Reservoir 

. .Haiiz. 

Rico 

.. Chawal. 

Saltpetre 

.. Shora. 

Sand 

.. Ret. 

Sand Coarse 

.. Bajri. 

Sandpaper 

.. Regmal. 

Scales 

.. Tarazu. 

Semi-circle 

. .Nisaf daira. 

Sewer 

.. Badarrau. 

Stable 

.. Astabal. 

Stream 

. .Dhar. 


English. 

Hindustani 

Street 

. .Kucha. 

Tailor 

.. Darzi. 

Tallow 

.. Charbi. 

Timber 

.. Lakri. 

Triangle 

.. Musallas. 

Tunnel 

. .Surang. 

Vernacular 

.. Desi 

Vinegar 

.. Sirka. 

Vitriol, white 

. .Hira Kasis. 

Wagon 

.. Gari. 

Whitewash 

.. Suf edi. 

Weight 

. .Wazan. 

Yeast 

. .Khamir. 

Zigzag 

. .Tehra-banka. 
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REWrOIKEO BMCK-WORK & R. GOWiRETE. 

Pfopurtiou of cetneoi morCar cem-1; or 3 (vof J 

ptoponioo of ceiiiefit<^ficr 0 te«ceinont« 1.8 and or 3 atone 
chipa Of picked jbatna chips 3^ or 4 for slaha of big spana or 
with bearj loads the proportion is 1:2:8 gauge of obipa J*' 
to cem^oiortar tUea are toade by cutting J** cement piaster 
2 Of : 1 on any sandy surfooe. 

All bottom tensioD roda^mbedded in oeni'Gotiorete* Top 
rods and oroes rods-embedded in cem •concrete or mortar. 

Aiethod of consiracttonAikf bricks in ooment mortar with 
tiles in longitudinal joints (and cross joints where neeesaary.) 
Spread reinforcing rods over those tiles at the centre of joints. 

above cent Bring. Tills is done by uaing tiles with upwards 
projections (^) or by using cross rods In mortar or concrete 
joints below the main tension rods Put 1 ** mortar first and then 
pour concrete of wet conilateney in jolrtts. Lay upper conrsca 
of Qrtekworka in cement nortar where neesssary. 

Hmb —Reinforcing rodfl^ betng embedded in wide Mbs of 
cement concrete bare ample oover of concrete .on all sides, 
fur protection against rusting. Thus in these improved 
K. B. A R B. U. Slabe there is no fear of rnsting of rods. 

In wide Hbe of cement concrete several rods can be used 
in one joint. Slabs with cement coticrete at top (as 
Figs 3, 61 are e<|ually stiff and strong as reinforced concrete 
slabs and stiffer and strmiger thfin R^ B. Slabs. The depths of 
slabs are increased by adding 4* cement plaster or Iv to 14 * 
cement concrete along with the construction of slabs- The 
depths of slabs abouid not be less than ^th of span m ordfn 
ary oases. 
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PiMS For ordinary roofs and floors. 

]^afe saper imposed load in tons per sq. ft. 
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ON slabs! Sfar Ppatu recommended. 
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For slabs with ends partly fixed 
Beinforced one way 

(form* Ihl 

10 
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^B. C. 
C. 

Remarks. 


Ul 

i^j^eime liHiH Mineivsi 
Im 








3rt ^ r:iji:*'?5i!Tii'iL-T*ir> ji * ’VLn 


For riabs reic> 
forced ia one 
way fixed or 
IQ, continons, 
should have 
I j, depth not less 
than^^thof 
12 # span in ordf* 
nary cases 
13 # (Superimposed 
9 load’Weight of 
surfaceing 
material and 
jQ# live load). 

16' B. B. G. slabs 
are reinforced 
18* brickwork 
•labs with 
oement 

concrete on top 
as ID Ftp 2. 
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OM U^Alt THO(>lt> 
WOT or Lcsr than t56f*rH cp 



AHIfr for 05iMfiSAi«t| shaF( «F mos 


, ■ . ■ ■ ^ . Notes~ 1 . Croaa rods 7 ®/ or 

— c—30* apart or as directed by, 

^ designer should be used. j 

• 2, Cover of mortar or conoeetej 

on rods from under-side 

Cover between rods and side brick, , 

All rods should be cleared of dui;t aud coated with 2 ooaed 


of cement wash befoie use. 


ooaes 
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FIGURE 8 
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CROSS Secl^ Of REINFORCED BRICK WORK LIME CONCRETE tr 

reinforced brick work lime brick wormslabs. 

riQjff 
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CROSS RO0S 
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■* »mett »N €£MenT 
t c&K caHcfisrf 




> soutc CMfif€t>rr lp» 
KUtRPffAO OO tOmcOOTf 


TfltS 


Nutss.—Bods embedded in lime mortar or lime concrete shonli 1>e 
coated with 2 coats of cement linseed oil wash beforehand. 

Brick in lime can bo used in place of brick in cement where 
compreastre stresses are taken fully by the lime concrete or 
cement concrete. 

TMntileeasS" orE^Xli''Xi''may be nsed in joints where 
necessary. 

i*r<i»Jw/toa o/ eBinent mortar :-~oement—I, aand 21^ (by 
▼olume). 

Proportion of lino nfortart^gjnked lime-^B, soorkhi>^^ 
cement—1, or knnknr lime—6, oem—1 (if lime is, not of good 
qaali^.l ^ 

ProporHon of eement snasrefs :>-cement~], •and~2k 
ballast--Bi or 4 or cement—sand 2, A balla8t~<8 

For lime concrete use SO to 66 per cent, of lime mortar. 

Gauge of brick ballast—for lime oooovete. 

The centering for R.B.L.C. slabs shoold not be removed earlier 
than tea days. 
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lO FEET SPAN—^LIQHr TYPE Arch^Culv^tU {cmfd) 

c«^ xVELEMATIOH SeCTlOH 









12 FEirr SPAir—XJGHT TYFS CuiwitiuiU) 

ELevMnoii i section 



















15 FEETSPAK-UGHTTfPE ' A’-chedMw.'/s/'CooPj 











722 















723 



\a FEET SPAH-UGHT TYPE Archeti Cnlvttis {ibnfyfj 
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IpATA. 

Pa^ 1.—Ool. 2 for S,4(>6 r^fdl 7,466. • * 

l*aSc L—Col. 3, line 18,/or 4,390,00p read 4,3«0.2198 
Page 2 .—Cal. 5 , line 10,/or 163,63% rdW? 163,838. f 
Pa 2 % 3 .—Col. 4, line 17, for 40,429 read 4(^,229. 

Page 3 .—Col. 4, line 18,/or 653,051 read^53,651. 

Pago 3.—Col. 7, line 5tfor 'O^ead 0'4h 
Page 10.—Col. 4, line 4, for 17-420 read 7*420. 

Pfege 10 .—Col. 9, line 7, for,l-493 re»d 0*493. 

Page 20.— €!ol. 1 , line 4 , b^w read 1. * 

Page 22 .^Co]. IJins 5,for 8 ^ read ISJ. 

Page 35 .—€ol. 7, line 40,/or 100001 re(jrd lOpoOOO. 

Pago 57.—Line 2,/or * weight of metal * r& i* weightiron 
Page 57.—Line 10,/or (4+4) X ^ = (i)^ re^a''4+4),)^ | — ii)^* 

Page —Line 34 ,/or * wieght’ read ‘ weight . / /*• 

T K ,, K , 

Pag€ 8 o.—Line for I = read I — gg 

Page 103.—Col. 7, lin«i; 3 , br Breaking sprain read Breaking Strains. 7 
Page 106 .—Line^./or^epth of Ut^d—451) read pepth of head—-450. 
Page 106.—Lin(/27,7 o^^iametsr'of head=45D read Diame4?r of head =1 *50.^ 
Pago 112 .—Line 9,/orplaced thus J_ read placed thus T. 

Pago 112 .-^Line 19,/or ^ thick instead of read I* thick instead of * 


Page 121.—-Line 16,/or W 


44-34 if 


Jfi.55 


read W—44*34 




Li-7 




sxc 


1+ tt 


L2 

d 2 


... ” i,i-7 

Page*122.—Col. 9,line l\,for 98840 read 68840. , 

Pa^e 124.—Linrs 9 *ind 12, for P= = 

^ 1 -\~a Li 

• » 1 d2 , 

Page 126.—Line 44, for 17^ V (L+'-'o'ool2 2)2 readll 3/(L+-0001 L v 2)2, 

Page 120.— Line 1, /or Heigh read Height. ^ \ 

Page 137.—Line 15, for ‘ hv 33.‘H ’ read * by 333 J .’ 

Pago 137.—Line 18, for 896 X102 ? »cad 896 X142 ?. • 

Page 137.—I.lne 23,/or 6843000 read 68430000. 

Pa#e,138.—Line 8,/or ‘ multiply 33,:i33 etc ’ read * multiply by 33,333 etc. 

• d d ^ * 

Page 140. — Lino 2,/or a — read a - 

-.V ^ 

• • 

Page 140. -Lfne li^.^/’^ reoft 


140.—Line^7,/or 




~2^ 


/• 

t y J 


I 


f 


read ;|-'y 4 a2—62 


Page 166.—Line 2^. for fog«''^=log n^—lo ^ read l^g a ibga m—loga n. 



Page 157.—'liine 5, Jfir characteristics-1 re,i' charaO|eristio is—1. 

Page 107.—Line 19,*jbrvalue of (20*3®) read value ^,^20*3)®. 

,Page J57.—Ll»’ ‘21,Jbr-(20*3) «3447080 read.'. (20*3)5 = 3447460. 

Pa^D 160.—Line 3, for l^g. ‘315 * T*,40801 read log -315 « 1.4P831. 

Pa ^6 164.—Line 13, for angles of equal area read triangles of equal areai^ 
P^^e 165.—line 13,/or lay off n ay points read lay off any points. 
#,Pige.l72.- Line 12, for the dlstact. nr^d the distance. 

Page 173.—^ine 6, for draw am read draw an. 

Pago 173.-—Line Subtractfc read iJubtract e. 

Page 174.— Line 18,/of Earth ware read Earthwoii?. « ** . 

Page 177.—Line 23,fqr lengths alon read lengths alone. 

f 

Page 192.—Line 9,/or 804 for f 20 read 804 for 32. 

—Line 24^/«»- twp pc ,«ach E hours read one per each 12 hovf' 
Pago 210.—Line 23,/o/’ort^’'read spread. , 

Pago 212.—&5e 29, for platerod read plastered. 

Page 227.-r-Line 42, for heai read beat. 

1 I 

Pag© 330.—Line-3€. for 3 X2— =* 6*19 read 3x2 6*19. 

* 1 

Pago 332.—Lino ^^^,/or (se^ sketch above) rei^i (see sketch beiow), 

15.7 -15_7 '* 

Page 233.—Line 2, for — = 4 ft. rrnd - =4 ft. 

.^ge 278.—Line 1,/or 107 sq. inches re^i^ 1*67 sq. inches, 
r^ge 298. —Lines 13, 21 and 22, for number read mcrabt'r. 

Page 315.—Line 4,/or dia grams read Drawings. 


7*7 '' 1 '*» 7*7-4- l*'> 

Page 324.—Lino 2, for —28 read - - X 


Page 328.—liine 17, for heS^ th read earth. 

Page .333.—Line 20, for florr read floor. 

Page 394;—Lino 16, for hall read shall. 

Page 426:—Line 46, for leact read least. 

"'■Page 448.—CoL 2. line 3, for on&ljead canal. 
Page'448.—Line 15, for cause read ensec. 

Page 496.—Line 24, for 3" pipo^ r^ *d S^'pipc. 

Pa^e 663,—Lii... U, for incaree .es read increases. 






